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ABSTRACT 
Maritime Pine is one of two species of exotic conifers 
P,resent in Abel Tasman National Park 1 in significant numbers. 
The. species was first planted at Bark Bay, (ca.l900) and 
since then has established itself particularly well,through-
out many of the southern coastal areas of the Park. The pines 
characteristic ecological features make it especially well 
adapted to colonise many of the infertile and harsh sites 
that exist in proximity to the Park's coastline and give it a 
distinct competitive advantage over the indigenous flora of 
the area. Spread has generally been strongest in a southerly 
direction, away from Bark Bay, presumably influenced by 
prevailing winds in addition to suitable sites for colonis-
ation. 
The rate of spread of the pine was calculated as 9.1 
metres/year, at Bark Bay1 away from the assumed initial seed 
source. It is important to note though, that this rate is 
considerably increased by the pine's ability to form outliers 
of pine, significant distances away from the original seed 
source. The outliers were generally found to be the result of 
strong winds (greater than Force 6) capable of carrying seed 
considerable distances, on to sites suitable for colonisation 
by maritime P.~ne. ~onsequently this serves to increase the 
distribution of maritime pine within the Park~ This pattern 
of long-range dispersal has only occur~red since ca. 1940 and 
has only become inc~easingly prevalent in recent years. At 
. . 
present then, the pine occurs along some 9.2 kilometres of the 
Park's coastline. 
The pine appears to be type specific in its invasion 
characteristics with low LeptosEermum shrubland vegetation 
types being the most susceptible to invasion. The pine will 
not usually establish where there is a closed canopy (i.e. 
Podocarp/Hardwood/Beech vegetation types) . Obviously the 
rate of spread is increasing at an exponential rate as the pine 
becomes more widespread in its distribution throughout the 
Park. For this reason a programme of control is recommended, 
aimed at confining the species to the Bark Bay area,where it 
initially originated from. 
1 
INTRODUCTION 
The 22 139 hectare Abel Tasman National Park is 
essentially a sea coast area deriving many of its unique 
qualities from its very scenic coastal landforms and 
vegetation. The formation of the Park,in 1942 saw a park 
recovering from a century of massive modification. In contrast 
most National Parks are to all intents and purposes, unmodified 
.by European man which is among the main reasons why they are in 
fact, National Parks. In Abel Tasman much of the coastline had 
been left in an extensively modified condition,with the onslaught 
of European settlers and their burning and clearing operations. 
Fire had swept through forests and shrublands leaving the area 
open to invasion by exotic species such as P~_~, Hakea and gorse, 
all introduced by the early settlers. With time decay 
replaced prosperity, the infertile granite soils led to farms 
failing and consequently being abandoned, logging and milling 
died as easily accessible timber was worked out and people 
gradually deserted the coast. 
It seems unusual then that a landscape with such a 
history of modification should be ever gazetted a national 
park. The answer is found in the Park's protective legislation 
(National Park~~Act, 1952 and A.T.N.P. By laws, 1954), where 
in addition to the primary aims of national parks, the Abel 
Tasman National Park Board which administers the Park is 
watching over a~giant ,experiment in landscape recovery 
. . 
(Bascands, 1976). With the prevention of fire and other 
destructive practices it is hoped to preserve indigenous 
forest. It is with this respect that this study is concerned 
with just one aspect in this process of landscape recovery. 
That is - "the dynamics of .maritime pine (~inus 
pinaster Aiton*) and its invasion characteristics 
in Abel Tasman National Park, as they relate to the 
natural recovery of the indigenous flora in the area". 
This in effect, is just a very small contribution to 
the knowledge that will be required if we are to acquire an 
insight into what actually occurs as this land is preserved 
* Hereafter referred to as Pine unless otherwise. stated. 
in perpetuity to allow the indigenous vegetation to 
recover. 
NATURE AND SCOPE OF THE INVESTIGATION 
Regarding the unique scenic qualities found in 
Abel Tasman National Park and the existing presence of 
several spreading exotic species within the ~ark, it is 
important to gain a deeper understanding regarding the 
~cology of th~se species. This is especially so with 
respect to the National Park situation in order to enable 
optimal management aimed at controlling the spread of these 
species, as is stipulated in the National Parks Act 1952: 
i.e. "parks shall be preserved as far as possible 
in their natural state" and that "except where the 
National Parks Authority otherwise determines, the 
native flora and fauna shall as far as possible be 
preserved and introduced flora and fauna shall as 
far as possible be exterminated". 
(National Parks Act, 1952, s.3(2)) 
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Infestations of both !:_. pinaster and P. r'adiata occur 
within the Park but as only the initial dispersal point of 
pinaster could be accurately determined, the s~udy w~s confined 
to !:_. pinaster. The objectives of the study were then 
defined as follows: 
i) To'~ assess· the distribution of !:_. £.:hnast·er within 
Abel Tasman National Park and to determine how 
this is influenced by both historical factors 
and prevailing winds. 
ii) To determine the rate of spread of E..pinaster 
within the Park. 
iii) To briefly study and investigate the plant 
communities or vegetation associations being 
actively invaded by pine. 
iv) And by using the above 'and a number of non~ 
quantitative observations to ascertain the threat 
of the pines spread to the Park. 
The study as such was restricted to those areas of 
the Park where pinaster had actually seeded and grown. From 
the field survey and reported occurences of the pine, this 
proved to be the coastal margin of the Park from Tonga Bay 
in the north to the ~outhern boundary of the Park at Tinline 
Stream (Map 2). The study involved researching historical 
records as to when and where pinaster was iirst introduced 
into the Park. From this it was deemed that Bark Bay was the 
first site to have pinaster growing within the present Paik 
boundaries. For this reason the field survey was primarily 
centered on Bark Bay assuming this to be the centre of origin 
,with dispersal and distribution of pinaster mapped from the 
Bay. 
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2. PHYSICAL FEATURES. 
2.1 ; Location 
Abel Tasman National Park covers an area of some 
22 .139 hectares in the north of the Nelson province (Map 1) 
and as such is the smallest National Park in New Zealand. 
Running almost due north and south (long~ 1730E; lat. 41°S) 
the Park extends from Separation Point in the north to Marahau 
Inlet at the southern limit (Map 2). The western boundary 
lies across the highest part of the Takaka Hills, crosses the 
Wainui River and continues north-east to Separation Point. 
The Tata Islands in Ligar Bay and Ngaio Island, south of 
Marahau are also administered by the Abel Tasman National 
Parks Board. Furthermore boundaries of the Park become 
somewhat complicated by the numerous small private holdings 
along the coast. 
I 
I 
Plate 1: The Coastal Sector of Abel Tasman National Park 
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on which the study was centered. View looking north 
with Bark Bay arrowed. (Photo: Abel Tasman National Park Board) 
2.2 Environment 
1. Physiography 
Along the Park coastline much of the land rises 
st~eply for 60 to 90 metres. Thereafter the relief slopes 
gently up towards Mt. Evans (1134m) and Murrays Peak (llOlm) 
in.the Pikiruna Range which, along with Evans Ridge, forms 
.the backbone of the Park. It is the eastern slopes of this 
granite asymmetrical done that comprise the predominant coastal 
features of rocky granite headlands separating golden sand 
beaches. Rarely do hills in this coastal sector exceed 300m 
although the lie of the land is generally upward sloping. 
Over a long period the granite mass has been eroded into 
a system of many deeply entrenched ridges, valleys and bays 
(Plate 1). The subsequent creation of shaded and exposed 
aspects has had a profound influence on the vegetation of the 
Park. ·(A.T.N.P. 1976). Small creeks and rivers become a 
feature of the terrain with the overall appearance of the land 
being a rugged mosaic pattern of deeply dissected valleys 
and ridges. Recent deposits of alluvium and sand form the 
only flat land along the coastal fringe. 
2. Geology 
The whole of A.T.N.P. with few exceptions, is 
located on a granite mass (Beck, 1964). Grindley (1962) 
describes it as a massive, white soda granite, resulting from 
" . 
an intrusion during the cretaceous period some 100 million 
years previous. With time overlying remnant rocks into which 
the granite was.intruqed, have gradually been eroded away 
. . 
leaving the granite exposed to weathering. The weathered 
granite has consequently contributed to the 'golden sand' 
beaches of the area. With the granite bedrock the ·drainage in 
the area is exceptionally fast and this in turn can have a 
major bearing on vegetation types growing in certain areas, 
(i.e. without a vegetative cover the soils can dry out very 
quickly). This feature can also later be importantly related 
to the present distribution of pine colonisation. The 
exceptions to the predominant granite geology of the Park 
5 
are the small alluvial flood plains of the Awaroa and Awapoto 
River and the scattered deposits of beach gravels and dune sands 
along the coast (e.g. Totaranui). 
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3. Soils 
The results of the D.S.I.R. (1968) soil survey show 
that nearly the whole Park comprises Lowl~nd Yellow-Brown 
Earths. These soils have generally formed on granite parent 
materials and are characteristically low in nutrients (D.S.I.R. 
(1968). The Pokororo steepland soils are acid (pH 5.5) and 
low in available nutrients, while the Kaiteriteri hill 
country soils are low in nitrogen. These often skeletal soils 
being granite based,are very prone to leaching of nutrients 
and also have low water retention capacities. There appears 
to be a general shallowing of soils and decreasing fertility 
from Separation Point southwards (Esler,l962) and this would 
tend to indicate that the coastal soils from Bark Bay south-
wards are probably some of the most infertile and harsh soils 
within the Park. 
It would appear on these soils then, that there 
exist limitations to growth for most plants, especially 
indigenous species, and once cleared of original vegetative 
cover one can forsee lengthy periods in the time taken for 
the reversion of original forest cover on these sites. 
Partly due to this, it appears that often bett~r adapted and 
more competitive exotic species such as P=i:nu~.' Hakea and gorse 
are actively colonising and invading these open areas well 
before native species attempt recolonisation. 
4. Clima·te 
g:'he 'I'asman Bay region is sheltered from southerly, 
easterly and the predominant westerly winds by surrounding 
mountain ranges. Thus the region in general has a sunny, 
mild climate less windy than most New Zealand coastal areas. 
Extremes of temperature are not great and there are few severe 
late frosts. The coastal section of A.T.N.P. to a large 
extent shares these characteristics ·(A.T.N.P.,l976) and for 
the purposes of the survey, climatic data from the Motueka 
Tobacco Research Station (the closest meterological station to 
the Park) were used to gain an indication of the general 
climatic conditions of the area (Appendix 1.2) 1 although major 
variations between the two sites are quite possible. It 
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should be stressed here, the important role that climate plays 
in the distribution and dispersal of any plant species. This 
is especially the case regarding wind and maritime pine 
dis~ribution and will become more evident in later sections. 
a) Winds 
Within the Park coastal surface winds are largely 
controlled by the form of the land. When a westerly air-
stream blows on to central New Zealand, the wind in Golden 
.Bay is deflected by the north west Nelson land mass to blow 
from the north west. The Mt. Evans ridgeline shelters much 
of the Park from this prevailing wind and instead the deflection 
of wind hi the land prominence seperating Golden Bay from 
Tasman Bay 1 has the effect of creating a prevailing northerly 
or north-easterly wind along much of the coastline,where the 
study was carried out. Southwesterlies, which find an open 
way sown the Waimea and Motueka valleys, do also occur from 
time to time, but are not so prevalent along the coastal 
margin (A.T.N.P., 1976). Thus at Motueka surface winds 
are: 
calm 53% 
northeast 28% 
southwest 18% 
while at Totaranui further north, the wind pattern has been 
observed as: 
calm 55% 
southeast 18% 
northw~st 15% (A.T.N.P., 1976) 
Few strong winds occur and coastal winds are often 
light and variable in direction. In winter generally more 
calms occur, while in warmer summer weather, a pattern of late 
morning and afternoon sea breezes can occur with opposing land 
breezes at night. The prevailing saline winds can have an 
important effect on vegetation pattern. 
b) Rainfall 
As the Park lies open to the north, it receives most 
rainfall with northerly winds. Coastal areas of the Park 
receive 1500 to 1650 mm of rain fairly evenly distributed 
throughout the year, al thu'''ih long dry spells can occur 
during the summer months (A.T.N.P., 1976). 
c) Sunshine 
Sunshine hours recorded at Motueka are around 
2500 hours annually, although this figure could be somewhat 
lower in the coastal regions of the Park where sea fog and 
mist can persist from time to time. 
d) Temperatures 
Using the Motueka temperatures as an indication 
gives a mean annual temperature of 12.5C 
Summer average max. = 23°C Min. = 13°c 
10 
Winter average max. = 13°C Min. = 1°c 
Temperatures seldom.exceed 30°C or fall below -3°C. The hill 
slopes of the Park close to the sea are relatively frost free. 
5. Vegetation 
The most important feature of the vegetation of the 
coastal sector of the Park is the abstruse change that it 
has undergone. It has little resemblance to that which 
existed when Abel Tasman skirted the coast more than 300 
years ago and has undergone even more rapid change in the last 
100 years. Originally 90 percent of the land which is now 
National Park was virgin forest (Esler, 1962), but today 
evidence of ma;is impa~t on the coastal strip in particular, 
is profound. Although there has been very little forest 
cleared or dama~ed above 300 metres, significant areas of 
' 
coastal 'vegetation show signs of earlier land clearing 
operations. Forests which have been regenerating for 10 to 
100 Years since the last burn or clearing operatio~, exist 
side by side with untouched forest. 
Exotics such as pines, gor~e, hakea and spanish 
heath all capable of vigorous colonisation, have become a 
common feature of the coastal landscape as time has progressed, 
and today we see a ravaged land still recovering from a century 
of massive modification. Esler in hi~ 1962 study of the 
Park's vegetation, identified three broad vegetation types as 
follows: 
Beech Forest 
The majority of forest found in the Park today 
contains beech, either in mixed stands (with rimu, matai and 
I 
miro) or in pure stands containing one of the five beech 
species (Appendix 8.1) Red beech is the main Nothofagu~ 
species at all altitudes but gives way to other beech species 
where conditions favour them. Generally below 600 metres it 
appears mixed with rimu, matai, miro, kamahi, totara, Halls 
totara and to a minor extent hinau. 
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Black beech forest is the natural vegetation of drier 
spurs and headlands near the sea. Leptospermum and Cyq~ 
spp. are also commonly found within the type which is particularly 
evident in the southern end of the Park where severe soil 
limitations eliminate a more diverse flora and result in a 
relatively simple forest association. 
Hard beech trees are numerous within the Park but do 
not form a well-defined forest. Silver beech along with 
mountain beech, is generally confined to upland regions. 
Shrub-ha~dwood species such as kamahi, mahoe, broadleaf and 
coprosma's occur within much of this beech forest in 
varying proportions although pure stands of beech do occur 
along the coast. 
Podocarp/Ha~dwood Forest 
'In the coast~l valley floors and on broader ridges 
up to 350 metres a podocarp/hardwood forest type once 
occupied all the more fertile sites (e.g. Falls River). It 
is probable that some of this rainforest was cleared, first 
because of the timber it yielded and also the relatively 
fertile soil it occupied (A.T.N.P., 1967). The remaining 
forest is dominated by rata and northern rata with some matai, 
Halls totara and hinau. Commonly canopy trees are widely 
spaced and a dense canopy forms at 10 to 12 metres of 
pigeonwood, mahoe, raurekau, tarata, supplejack, nikau and 
tree ferns. Closer to the coast rimu disappears to all but the 
sheltered gullies while the salt tolerant shrubs Dodonea 
12 
viscosa, Oleana paniculota, and ngaio increase in numbers. 
Scrub 
Scrub is the dominant feature of the Park's lowland 
areas. Existing on characteristically dry skeletal granite 
soils, the existing scrubland areas are of two main types: 
l. L~pto~permum shrublands - on well drained slopes and 
ridges with characteristic infertile soils 
2. Bracken scrublands - on soils of greater depth and 
correspondingly greater soil moisture. 
The main reason for occurrence of these shrublands 
is a matter of question. Are they 'natural' or were they 
somehow induced before European settlement of the Coast? 
This is discussed in Section 5.1 but it is evident that much 
of the scrub has definitely been induced by unsuccessful 
attempts at farming. 
It is the Leptospermum shrubland communities that 
assumed importance in the study as it is these areas that are 
being actively invaded by exotics. -~ acicular is is 
excluding other forms of vegetation on Aweroa Head while H. 
sexstylosia extends from Bark Bay southwards. Pinus J2i:naster and 
P. radiata afded by'occasional fires, have replaced native 
communities over hundreds of hectares south of Awaroa. Gorse 
_and spanish heath have little tendency to establish but are 
' abundaht in the induced scrublands. 
Although these are the three dominant vegetation 
types occuring within the Park, they are not necessarily 
discrete types with mixed stands occuring frequently. As it 
appeared to be only the Lep~p~ vegetation areas that the 
pine was invading, a separate set of vegetation types was 
devised for purposes of the study (Appendix 1.4). 
A notable feature of the vegetation of the Park is the 
merging of the North Island vegetation with that of the 
South Island and the large diversity of habitats ranging from 
sand-dune to sub-alpine bog. Given these occurences one 
would expect a large number of species present. Esler's 
(19p2) study indicates that the flora is not as floristically 
rich as would be expected with only 410 indigenous vascular 
plants being identified. He suggests that the low fertility 
of the granite soils is almost certainly associated with this 
and probably accoun·ts for some of the rather surprising gaps 
13 
in flora (e.g. Kowhai, Hoheria sexs·tylosia, Melicope -~irnJ2}~) 
Esler also noted some 164 exotic species generally occupying 
man-made habitats such as pastures and damaged forest margins. 
Relatively undamaged natural communities contained few exotics. 
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3. HISTORY 
It has been necessary to trace historical 
developments relating to the Park, not merely as a background 
to the present situation, but more so in attempting to trace, 
if possible, when, where and why was maritime pine introduced 
into the region and how did the present vegetation types arise 
that the pine is invading into? With this knowledge, one 
may be better prepared to understand the dynamics of this 
species in terms of its origin within the Park and when it 
was first planted. This could in itself, verify much of the 
data collected in the form of ring counts. Even with a great 
deal of historical research, accurate answers to these 
questions which I would have welcomed to gain a thorough 
understanding of the species in the area, have been extremely 
difficult if not impossible, to find. Even so, it has been 
possible to draw a broad picture,as to the time and place of 
origin into the Park,of the species. A brief resume of the 
history of the coastal portion of the Park also proves useful 
in developing a l~ter theme on the origins of many of the 
supposedly induced shrublands along the coast (Section 5.1). 
:3.1 Maori Occupation 
It app~ars that the geographical features of the Park's 
coastline provided shelter and food for New Zeaiand's earliest 
Polynesian tribes and population was quite significant by 1300 
A.D. (~.~.N.P.; 1976)~ Research and laboratory dating of 
midden bones have confirmed the existence of moa hunting along 
much of the coast and the scattered occurrence of artifacts 
gives evidence of a nomadic, wandering existence based on a 
simple hunting and fishing economy. The first known tribe to 
live in Tasman Bay were the Ngaitara who were supposed to have 
died out by 1600 A.D. (Peart, 1937). · Successive tribes of 
Ngati Tumatakokiri and Ngati Apa inhabited the coast until the 
infamous raids of Te Rauparaha in 1828 when the local tribes 
were almost completely destroyed. With these raids much of 
the traditional history of the coast was lost and the new 
occupiers, Ngati Tama and Ngati Rarua chose to settle on the 
borders of the present day Park area, leaving the remaining 
LS 
coastline virtually deserted . (A . T. N . P . 19 7 6) • 
3 . 2 European Discovery 
The European history of the Park ' area begins with 
the first visit by Abel Tasman upon his discovery of New 
Zealand in 1642 . The next visit -was some 130 years later when 
Captain Cook made reference to the coastl~ne when circumnavig~ting 
New Zealand in 1770 . But it was not until the visit of 
J.S. Dmnont D ' Urville in 1827 that we gained our first detailed 
·impression of the land and the vegetation of the area. D ' Urville 
anchored in an area now named after his ship , 'Astrolabe 
Roadstead ' and being a capable botanist and entomologist, 
along with a staff of scientists and surveyors, he made a 
most accurate survey of the locality and vegetation in the six 
days he remained in the vicinity (Wright, 1950) . 
Plate 2: Bark Bay - with Dense Spread of 
Maritime Pine Evident in Foreground . 
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3.3 European Settlement 
It was not until the 1850s that the coastal region 
of the Park attracted any settlement, when between 1854 
I 
and'l857 some 26 pioneer families purchased land in the area 
(A.T.N.P., 1976). By 1865 the process of clearing land to 
establish farms and homesteads was well under way and one 
gained the impression of a growing and prosperous community 
striving to make a living from their land acquisitions. 
With the general impression that Bark Bay was the 
initial source of pinaster within the Park, the history of 
this and adjacent areas, assumes significant importance in 
the light of this study, as to defining where and when 
the first trees were planted and the origins of some of the 
induced shrublands into which the pine is invading. 
Bark Bay was supposedly named such prior to any 
settlement due to the stands of rimu and beech from which bark 
could be taken for the tanning industry. Consequently the 
'Bay traders' would frequently call there and collect bark for 
sale in Nelson. The first recorded settlement by Europeans 
at Bark Bay was that of Huffams in 1870 (Host, 1976). Timothy 
Buffam along with his four sons, Timotheus, Frederick, Richard 
and Gerard the youngest, arrived in Nelson from Surrey in 1868. 
It appears from'~Host's' (1976) research, that Timothy tried 
for many jobs in the brewing industry and in June 1869 after 
a conversation with a Captain Gilbertson of ''Australian Maid" 
sent his "Sons t~ investigate a certain Bark Bay some 40 
kilometres north of Nelson. His sons immediately built a pre-
fabricated hut and when old Timothy decided to join them, they 
set about building a homestead. Lands and Survey records in 
Nelson show that in 1870 Timothy Buffam applied to lease an 
area of some 51 hectares at Bark Bay, titled Section 27. In 
January, 1872, the lease was finally issued and a house erected 
on the identical site occupied by the present Bark Bay Hut. 
An 1880 photograph of the homestead (Plate 3) shows a well 
kept property surrounded by a pallisade. Considering that much 
of the forest at Bark Bay came down to the sea in the early 
nineteenth century and contrasting this photograph with a 
similar 1978 view (Plate 5), it was obvious that Huffams 
Plate 3: The Buffam Homestead - Bark Bay, 1880 . 
(Photo: Abel Tasman National Park Board) 
pad carried out a significant amount of land clearing at Bark 
Bay. 
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While .tiving .at aark Bay old Timothy Buffam kept a 
series of journals (M .S., 1878 ~ a copy of which M.rs. E . O. 
Host of Welson holds). These journals serve to give some 
insight . ~f occurrence ~ at aark Bay up until the turn of the 
century. It appears that while living at Bark Bay, the 
Huffams were a very industrious family 1 u tilising the land to 
its utmost. They built up a small bark trade from the native 
beech and along with building small boats, they cut and sold 
firewood and fencing posts from the surrounding bush. They 
also sold fish in Motueka and introduced goats for milk and 
meat. Such livestock and land clearing operations could then 
have had an important effect on the original vegetation of the 
Bay and the surrounding hills. 
After leasing the land for 20 years, Gerard was the 
only son still living at the Bay,with his father. He finally 
purchased the land from the Crown in 1890 and became the sole 
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occupier when Timothy died in 1893. While at Bark Bay the 
Huffams had established an orchard with, among other things, 
app(es, cherries and 'grapes, but there is no reference at all 
in Buffam's journals, to any plantings of exotic pines. It 
has been ascertained (Host, pers. comm.)that the Huffams were 
such an industrious family that any pines planted would more 
than likely have been planted for a definite use. The 
Huffams then, may have been aware of the suitability of P. 
pjnaster to a maritime climate. It is quite possible then 
that they may have chosen the species due to its growth 
potential and planted it sometime during the period that they 
lived at the Bay (circa. 1870 ~ 1904). Indeed, in later 
correspondence Mrs. Perrine Moncrief£ (Nelson) believed that 
Huffams did actually plant the maritime pine at the Bay but at 
what date was difficult to ascertain. She also noted that the 
Huffams planted poplars and hydrangeas at about the same time 
that the pines were planted, but the pines were the only trees 
to survive to this day. 
The 1880 photograph of the Homestead (Plate 3) shows 
a reasonably open scrub vegetation behind the house, as does 
an 1898 photograph of Bark Bay (Plate 4) show a relatively open 
shrubland vegetation but no evidence of pines.. Contrast these 
with 1978 photographs (Plates 4 and 5) anij a dramatically 
altered landscape is evident, consisting of a r.eP:!;-.Q.~pe·rmull!. 
shrubland vegetation through which maritime pine are growing. 
trh\,ls the spread of pines could have commenced from the first 
' settlem~rit of the Bay, but the presence of grazing stock may 
have tended to restrict pine growing on open ground and confined 
it to protected situations and more open sites within the 
indigenous cover. Presumably then,·when the Huffams left the 
Bay, along with their stock, any existing pine regeneration 
would have a far greater chance of survival. 
It does appear likely from my historical research, that 
the Huffams if anyone, were the early settlers most likely to 
plant pinaster in the Bark Bay vicinity. Indeed, there still 
stand three large Cedars Cgryp!::~~~~ia japo~ica) plan·ted by 
Huffams (Bascands, 1976) at the Bay. Presumably the pines 
were planted before the turn of the century when it appears that 
Plate 4: Bark Bay - circa 1898. This early print 
by Henry Brusewitz shows a characteristically 
more open shrubland vegetation than exists 
today. (c.f. the same headland and foreshore 
on Plate 2 ) . 
(Photo: Nelson Provincial Museum) 
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the Buffams were most active in developing the area. This 
theory seems the most likely conjecture (Moncrief£, pers. comm.) 
but in fact there were other people to live at the Bay 
I 
although it seems rather unlikely that they brought any 
exotic pines with them. 
A Messrs. Cranley and Mould purchased the Bark Bay 
property from Gerard Buffam in 1904 although their tenure 
seemed rather shortlived, as not long after Wilson's Quarries 
at Tonga Bay took over the Buffam house 1 as the quarry 
managers residence. Around 1912 the Bopkirk Timber Company 
purchased timber rights at the Bay but this too was relatively 
shortlived (Gibbs, pers. comm.). 
From Buffams through to Bopkirks time, seems to have 
been the only period of Bark Bay when modification of the 
original vegetation may have occurred. It appeares likely 
through subsequent ring counting, that it was sometime during 
this period that pinaster was first planted. Following this 
early period of development, it appears that the forest quickly 
reverted on the more fertile sites but pines may have already 
been established by this time and therefore ahead of any 
suppressive plant competition. Mr. F. Bolyoake (Motue~a) 
recalls the open nature of the ~crublands above Bark Bay while 
native forest had quickly recolonised the Bark l;lay flats. On 
his visits to the Bay in the 1930s to pick the wild cherries 
left by the Buffams, he also remembers open scrubland occuring 
.. ' 
south of Bark Bay until the ridge on the true right of Falls 
River. This in fact, corresponds with the area that pinaster 
has invaded and colonised most aggressively since then. 
A brief resume of the history of adjacent areas of 
coastline to Bark Bay is also worthwhile to gain an understanding 
of the origins and history of some of the shrublands that 
pinaster is actively invading. Immediately to the south, 
Frenchmans Bay and 'l'orrent Bay were first settled in 1870. 
Boatbuilding was carried out at both and settlement of Torrent 
Bay continued through until the 1920s (A.T.N.P., 1976). Today 
open stunted shrublands occupy most of the hill crests, but 
it appears that many of these areas may have existed prior to 
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European settlement,as there is no evidence of previous forest 
cover. The recent appearance of ~· radiata and Hakea has 
extrnsively modified 'the existing flora. 
The Astrolabe Roadstead area is also rather 
interesting in that many of the shrublands there, were already 
existing before European settlement. Indeed D'Urville referred 
to these shrublands as 'sterile gloomy deserts' as early as 
1827 (Wright, 1950). A later Section (5.1) discusses the 
origins and significance of these shrublands in greater 
detail. It should be noted that extensive areas of these 
shrublands also exist right up to Awaroa Inlet and appear to 
be distinct in origin from those induced by the early settlers' 
felling, burning and farming practices. In addition much of 
·this coastal land has undergone profound change since the 
arrival of Europeans. Repeated fires have destroyed much of 
the coastal forest and shrub vegetation and pines, gorse and 
Hakea have invaded many of these consequent areas. It is 
obvious then that many of the present shrublands have also 
been induced by m~n's cultural activities. 
Gradually the small private holdings along the coast 
were abandoned mainly due to sea transport problems and the 
inability of the infertile granite soils to meet the settlers' 
demands. Logg{hg and 'milling also died, as easily accessible 
timber was worked out. Slowly the area encompassed by the 
present Park became deserted and by the early 1920s the 
.. ' 
occasio~~l bach owners were the sole inhabitants (A.T.N.P., 1976). 
This resulted in a coastline in a profoundly modified condition 
compared with 75 years previous. Although in a somewhat 
modified condition,the area still warranted National park 
status and in 1942 Abel Tasman National Park became officially 
gazetted. The vegetation and land was then ensured of 
protection in perpetuity and so initiated the long path to 
reversion of the natural landscape. Some privately owned 
sections of land still remain along the coast, but these are 
in the main small and relatively inaccessible for any form of 
development. 
4. MARITIME PINE SURVEY 
This section aimed to incorporate historical 
findings with an actual field survey of maritine pine, 
and associated aspects in the Abel Tasman National Park. 
It was hoped that by relating these historical findings 
to the previous and present existing pattern of pine 
distribution and vegetation types, that it would be 
possible to develop a deeper understanding of: 
i) why the pine was there 
ii) where is it going? (i.e. the possible danger 
to the Park) . 
Survey Procedure 
Historical research had established that Bar~ Bay 
appeared to be the first area of the Park to have 
mariti~e pin~ growing in it. For this reason the survey 
was based primarily fro~ Bark Bay. The aim of the field 
survey then,was to: 
i) assess the ve0etation associations present 
·~nd the types that the pine was actively 
invading into. 
ii) assess the distribution of ~aritime pine in 
"A.T.N.P. 
iii) to sa~ple pines for age and thus assess the 
rate of spread of the pine. 
In addition many non-quantitative ohservations were 
made with the aim of gaining a deeper understanding of 
the pine problen in Abel Tasman National Park. 
4 Field Reconnaissance 
To substantiate what was evident fro~ aerial photoR 
and historical research a brief recce survey was made of 
the area around Bark Bay. From this a hypothesis was 
postulated that, "the initial maritime pine seed source 
appeared to be the large pines on the flat* at Bark Bay 
* Hereafter called "homestead flat" after .the location of 
Buffam's house. 
(Plate 5) and that they appeared to spread outwards 
from the Bay in a south to south-west direction most 
strongly, and mainly into low Leptospermum type 
vegetation". 
4.2 Vegetation Associations 
From aerial photos three main vegetation types were 
identified, ignoring the present pine distribution. 
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These were subsequently checked in the field and descriptive 
notes made on each veg-etation type (Appendix 1.4). 
Areas of each type are shown on map 4. The vegetation 
types so delineated were:-
1. Leptospermum Type 1 (Ll) - low shrubland type 
2. Leptospermum Type 2 (L2) - taller kanuka type 
3. Podocarp/Hardwood/Beech type (P/B) 
These are all discussed in greater detail in 
Appendix 1.4. In addition the incidence of pine in 
each type was recorded, if it were present, and from 
these and subsequent observations, it was hoped to gain 
a broad indication of which vegetation types pinaster 
was already eStablished in and what were the types 
that it was advancing into. 
It should be emphasised that this s~ction of the 
study was rn~rely a brief investig-ation into veg-etation 
types being activel.y invaded by pine with no quantitative 
data to support my observations. The aspect of the 
actual plant conrnunities being actively invaded by pine 
is obviously a prime area for more detailed quantitative 
research. But it was felt that a broad indication of 
vegetation types being invaded, based on observations, 
would be worthwhile to gain a deeper understanding of 
pinaster in the Park and could possibly highlight further 
aspects for research. 
4.3 Distribution of Maritime Pine 
Distribution of pine was initially mapped from 
aerial photos and these mappings were later verified 
in the field (Map 3). The areas of pine were then 
delineated into three approximate density classes: 
Dense = 101+ stel:'_sjhec·tare 
Medium = 11 - 100 sterr.s/hectare 
Sparse = 1 - 10 stems/hectare 
The pine density map was then overlayed upon the 
vegetation map (Map 4) to help determine the areas being 
invaded by pine. 
4.4 Sampling for Age 
For a study of this kind it was evident that tree 
ages and distance from initial seed source, would 
provide the basic data necessary to establish the rate 
of spread away from the seed source. An increment 
borer was in the main used to assess tree ages. Due to the 
difficulties of undertaking such a survey singlehanded, 
sampling sites were selected to de~onstrate what was 
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obvious from aerial photos and the recce survey. But as far 
as possible, areas sampled were to be representative of the 
surrounding vegetation. The methodology used for the survey 
is described in detail in appendices 2.2 - 2.5 and briefly 
involved the following: 
a Transect Location 
Determined by locating the oldest area of pinaster 
in the Bark Ba~ regiGn and then assessing the succession 
outwards in a predetermined direction. The di~ection 
of each transect was chosen on the basis of demonstrating 
what initial observations from aerial photos and a 
recce survey indicated was occurring. ~he actual location 
of these transects is plotted on the aerial photo in 
.Appendix 9.1 and also on Plate 5. 
From the recce survey it was evident that the 
largest trees and apparently the oldest from historical 
evidence, were those growing on the "Eomestead Flat'. 
The assumption was then made that these trees were the 
initial seed source of pinaster in the Park. Therefore, 
any transects in sampling for age distribution of the pine 
would need to begin on these flats. Also observations 
Plate 5: Bark Bay looking south, site of A.T.N.P. hut is arrowed (i.e. 
former site of HuffaF 1 S House). The flat adjacent to the hut is 
the one referred to as "Homestead Flat" in the text. I'Tote Pinus 
pinaster on hill above flat and P. pinaster/P. radiata on hill in 
backaround. The position of each of the transects (1-5) and the 
base-line at the bottom of the hill is marked. N Ul 
indicated that the strongest direction of spread was 
S.W., S.S.W. from Bark Bay. For this reason transects 
were located in this approximate direqtion and so 
11ocated to follow areas of pine for a$ long as possible. 
It was assumed then that these transects would give an 
indication of the age distribution of pine in the 
direction of the prevailing winds, (i.e. from the N.E.). 
The actual detail concerning location of transects is 
contained in Appendix 2.1. 
b) Ageing of Pine 
For any survey of this kind the age of the trees 
is required in order to determine the age class 
distribution. This was carried out in the main using 
an increment borer and the techniques used along with 
the various problems encountered are listed in detail in 
Appendix 2. 4. 
It should be realised though, that the ages actually 
gained in this survey are relative tree ages and not 
actual. tree ages. This was due to the ininimum sampling 
height necessitated by the turning radius of the 
incre:rn.ent borer handle (i.e. 25cm) and an example is 
shown iri Plate 6· Unless otherwise stated, reference 
in the script is to these 25 em sampling height 
relative ages. Aceual tree ages were calculpted 
where necessary using the age/height relationships 
contained in Appendix 5.1. 
c) Ageing of Indigenous· Species 
In addition to sampling for age in the pin~, a 
number of ring counts were carried out in the Leptospermum 
shrublands and where indigenous species and pine were 
growing in association at Bark Ba~. The principal aim 
of this excercise was to determine: 
i) whe~her the Leptospermum shrublands existed 
prior to European settlement, 
ii) whether the existing vegetation was older than 
the pine that was growing along with the 
indigenous flora, OR were the two vegetation 
types approxiMately equal in age 1 proving that 
the area may have been previously burnt or 
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Plate 6 Positioning of Increment Borer 
on circumference of tree bole. 
' (Note: running line in foreground and 
thick platey bark) . 
cleared &nd the pine r ecolonised the a rea 
along with the indigenous species. 
Increment boring was carried out as low on the sterns a~ 
possible to get a comparative estimate of the indigenous 
species age.with that of the pine. 
d) Suryey of Pine Outliers 
It was obvious from viewing aerial photos through 
a stereoscope, that there appeared to be scattered 
small outlying populations of pine where a nu~ber of 
younger trees surrounded one larger tree. These were 
termed pine outliersor colonies, with the larger tree 
termed the founder or parental tree. Each major outlier 
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identified on the aerial photos (Appendix 9.2) was 
subsequently located in the field to enable various age, 
height and diameter measurements to be taken (Appendix 2.3). 
The age of the parental tree gave an indication as to 
when the seed first arrived in each area and it was hoped 
to relate this to the timing of any strong winds in the 
direction of the outlier away from the supposed seed 
source (i.e. Bark Bay). 
It was also attempted to sample every maritif!1.e pine 
north of Bark Bay for age, as it appeared that only a small 
number of pines relative to the total pinaster population 
has spread north of the Bay. The few pines on the hill 
to the true right of Falls River were also sampled to 
try and determine when the pine first spread to this area. 
(All this information is recorded in Appendix 9.2.) 
e) Age/Height Relationships 
In order to estimate actual tree ages rather than 
' 
relative ages, where required, a number of pines were 
sectioned at various heights above ground level to 
determine the change in age with increasing sampling 
height. This was determined by ring counts and is 
explained in Appendix 5.1. 
4.5 
In addition to the actual survey, a number of 
observations were1 made on aspects relating to pina.ster 
in Abel Tasman National Park. There was insufficient 
time available to quantify many of these, and .in so far 
as they are regarded as personal observations and no more, 
they do help to illustrate what is occurring. Reference 
is made to each particular observation, in turn, as they 
become relevant in the narrativ~. 
5. RELATION OF INDIGENOUS VEGETATION TO 
PINE DISTRIBUTION 
The vegetation types described in Appendix 1.4 are 
referred to throughout the following sections and are the 
S?me as those type previously mentioned in Section 4.2 
5.1 Natural or Induced Shrubl:ands 
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Many lowland areas of the Park have the characteristic 
Leptospermu~ shrubland vegetation described under types Ll 
and L2, (Map 4). The Ll type is notably prevalent on hill 
crests along the coast,while the L2 type is generally found on 
lower more fertile sties. The occurrence of these often 
extensive areas of tea-tree vegetation is a matter of question, 
as it is most unusual in New Zealand for shrublands to occur 
so close to the sea. Is this then a natural vegetation type on 
these sites or was it somehow induced? 
There is evidence to suggest that many of these areas 
have been here for a long time. Indeed, D'Urville during his 
1827 visit to the area made reference to the Lept5JS~lll~I!!_ 
shrublands betwee Marahau and Torrent Bay:-
"A few Leptospermum and two or three other shrubs 
may be seen here and there in these parts. No 
birds, no insects, no reptiles even"· and he likened the 
areas to "gloomy, s·terile deserts". 
(Dumont D'Urville, 18 Jan,l827). 
Although he speaks of only one section of the coast, it is 
highly probable that other areas along the coastline were 
~ ' simila~: If this was the case in 1827, these areas have 
undergone very little subsequent chance, save for invasion 
by pines and other introduced species. Admittedly areas of 
the present day scrublands have been induced by unsuccessful 
attempts at farming, but what of those scrublands present in 
1827? 
It is quite possible that some of the early Polynesian 
tribes may have fired and burnt the original vegetative 
cover either accidently or intentionally. These may have 
never reverted back to their original flora, possibly due 
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to the loss of topsoil and consequent slow recolonisation of 
the infertile subsoil. On the other hand the community could 
be a true natural shrubland, its members able to survive 
I 
cdrtditions of such low fertility that forests were not able to 
establish. Here it should be stressed that these are 
hypotheses only. During the field survey a number of ring 
counts were carried out to determine if these hypotheses could 
be substantiated at all. By increment boring kanuka and 
manuka on some of these shrublands, it was hoped to determine 
whether they existed prior to European settlement. It was 
also hoped to determine whether at Bark Bay the kanuka was 
there before the pine. Difficulties were encountered in ageing 
kanuka,but from kanuka that was aged on the "Homestead 
Flat'' it was established that the pine and kanuka were approx-
imately equal ages (i.e. 70-75 years). This would tend 
to indicate that the flat was cleared around the turn of 
the century and both pine and kanuka recolonised the area. 
On the hills above Bark Bay the picture was dramatically 
different with large variations between ring counts. For 
this reason no firm inferences could be drawn as to whether 
the shrublands were somehow induced, without more detailed 
research. 
There are strong indications though; that the land 
was once bare·Df vegetation as no evidence of previously 
burnt or felled tree stumps was found in these shrublands 
during the survey. The only indication found that the hill 
above Bark Bai may h~ve previously been forested was a small 
isolated pocket of forest, approximating the P/B type, 
located in a sheltered gully above "Homestead Flat". This 
pocket was completely surrounded by tea-tree and pine. 
Cores were taken from a large rimu (86cm DBH) and a red 
beech (94cm DBH) to determine if there was any charcoal 
on the growth rings indicating a previous fire. None was 
found and the only inference that could be drawn from this 
was that the area may have been burnt long ago in early 
Maori fires. This remnant sheltered pocket could then be 
presumed to have been missed in early destruction of the 
coastal forest by fire. This would tend to support the 
hypothesis on early Maori burning already established. It 
could then be postulated that due to the infertility of 
these soils, that Lepto:spermu~ spp. were ·the only species 
able to recolonise these sites and when pinaster was 
iptroduced it readily invaded into these open shrubland 
communities, due to its competitive advantage. 
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The early settlers obviously contributed further to 
these shrublands with their land clearing operations,which 
subsequently reverted to open shrublands due to the infertility 
of the soils. Although no firm conclusions, as to the origins 
of these shrublands could be drawn, it was obvious that 
further research would be most worthwhile to understand 
these strangely vegetated areas. 
5.2 Type Sp~cifity of Invasion by Pine 
Detailed observations of the area were relied upon 
to determine what associations were being actively invaded 
by pinaster and what vegetation types were relatively 
resistant to invasion. A map plotting distribution and 
density of pine _(Map 3) was overlayed on a vegetation type 
map (Map 4) to determine types being actively invaded. 
From these maps it appears that pinaster is indeed type 
specific with trees or seedlings seldom encountered within 
the P/B type. Apparently lack of bare sites to colonise 
and insufficiEint light prevented the establishment of the 
pine, and in only three cases was pine found growing within 
the type. These were all in canopy gaps created by windthrow 
and the'recolo~isati~n of canopy gaps by pine represents the 
only danger in the P/B type of invasion by pinaster. 
Should it occur, it would be in relatively confined cases 
and thus of no significant problem to the Park as once the 
canopy has closed no further invasion occurs. (Chavasse, pers. 
comm.) 
The main threat of invasion by pinaster appears to 
be in the Leptospermum vegetation types and most significantly 
the Ll type. In all cases it appeared to be the Ll type that 
had the highest proportion of pine regeneration present. The 
open nature of the type along with high light conditions and 
bare soil, seems to be readily colonised by pinaster. It 
was also observed that pine regeneration was highest in the 
ll.ght semi-shade conditions existed,probably type, where 
· t t the seedlings from summer desiccation on 
servlng to pro ec 
the drought prone granite soils. 
Plate 7: The Major Vegetation Types at Bark Bay. 
Note distinct boundaries between adjacent 
types. 
The L2 type ·had less pine regeneration than Ll 
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,principally due to the denser canopy and more shaded 
conditions. The canopy height and the presence of a frequent 
shrub~hardwood understory are the only major differences 
between the Ll and L2 types and the only reason a distinction 
is made between the two, is that the Ll type appears to be 
more readily invaded by pinaster. 
The distinct boundaries between Leptospermum and P/B 
types (Plate 7) could possibly indicate early fires or .land 
clearing. One feature that is clearly evident though, is 
the marked drop-off in pinaster once the P/B type is 
encountered . A marked absence of pine was also noted ln the 
gullies comprising a hardwood vegetation. 
It is evident then that pinaster has colonised the 
most favourable sites first and these generally appear to 
be the lower more fertile slopes with the associated L2 
vegetation. As distribution of the pine nears the ridge 
cr~st above Bark Bay, it appears to be actively invading 
the Ll type while avoiding the hardwood gullies and the 
P/B type. Thus pinaster does appear to be type specific 
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in its invasion characteristics, with the Ll type and the 
more open L2 types being most susceptible to invasion by 
pine. Other types of gorse and bracken shrublands appear to 
be relatively resistant to invasion by pine, due to their 
dense vegetation. Consequently it is the open !:ept~rmum 
types that most attention should be focussed upon with 
respect to any pine control operations. 
6 . DTSTRTBUTTON OF MARITIME :PTNE 
1 
It was firmly established that tpe original 
planting of pinaster was on the "Homestead Flat". The 
infestation of pine throughout the Park has then been in a 
consequent radiating pattern from this initial seed source, 
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according to the direction of wind dispersed and availability 
of suitable sites for colonisation. Thus the distribution 
of age classes outwards from Bark Bay proceeds generally 
from oldest to youngest with increasing distance away from 
the Bay. Consequently the largest pines and densest areas 
of pinaster are found closest to the Bay as is shown on map 3. 
The general dispersal of pine ha s been determined 
by prevailing winds and suitable sites for colonisation . 
The sites most suitable for colonisation have been earlier 
discussed as those occupied by the Ll vegetation type and 
bare open ground. On such sites pinaster seems to readily 
establish itself. Such sites exist all along the coastal 
margin of the Park, but the prevailing N. and N.E . winds mean 
that most of thespread of the pine has been southwarQ.s rather 
Plate 8 : Open Ll vegetation being invaded by Mariti~e Pine. 
Note radiata pine at Torrent Bay and occas1onal 
pine on the Falls River headland . 
than north. The strongest direction of spread from Bark 
BaY appears to be in the S.W., S.S.W. direction,due to the 
influence of the prevailing coastal winds, but occasionally 
la~ge trees were encountered long distances from the seed 
source. Presumably these were a result of strong winds 
capable of carrying seed long distances. 
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The consequent distribution of pine is shown on map 3. 
Briefly the densest area of pine is found on the hill to the 
south of Bark Bay (Plate 5) with the greatest concentrations 
of pine being found on the northerly aspect at ridges. This 
is the region where the rate of spread transect survey was 
carried out and consequently it is described in more detail 
in Section 7.3. From the crest of the second ridge clearly 
evident in Plate 8, the pine has travelled some lOOOm to 
establish itself on the next closest suitable site to Bark 
Bay. This is on the small headland close to the sea on the 
true right of Falls River. Although the majority of pine 
present on this hill was radiata, pinaster was clearly 
evident although smaller in size due to its relatively 
recent colonisation of this area. 
Pinaster was also present to a small degree, on the 
headland separating Torrent Bay and Astrolabe Roadstead, 
a distance ot~some ~-5km from the original seed source. The 
coastline south of this was also surveyed and although 
pinaster was found, there was insufficient time to collect any 
data on these·trees~ These few scattered groups of trees 
are plotted on the map but are really only readily visible 
from the sea. The southern most pinaster encountered was on 
a ridge above Apple Tree Bay, this being some 7.~km from 
Bark Bay. 
In the northerly direction,no pinaster was encountered 
north of Arch Point on the Tonga Roadstead (2.2km north of 
Bark Bay). Spread in this direction was not as great as it 
would require dispersal against the prevailing N.E. coastal 
winds and spread in this direction could only be expected 
in a strong S. or S.W. wind. Thus it can be surmised that 
spread of pinaster to date is confined within the Park, to the 
coastal regions and for a distance of 7.2km to the south of 
Bark Bay. Thus the pine presently covers a distance of some 
9.2km of the Park's coastline. From these figures and 
map 3, it is obvious that spread is strongest in the 
s~utherly direction: 
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7. SUMMARY OF DATA 
The actual procedure of data analysis is 
described in Appendix 6.1, but briefly analysis was broken 
into a number of sections. 
7.1 Sampling for Age. 
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In total, for the five transects established, a total 
of 68 plots were surveyed from which a total of 199 pines 
were sampled. 
Transect No. Plots Total Horiz.Dist.Pines R:gen.l length (m) Sampled 
( m) 
1 19 900 843 54 
2 13 600 545 40 4 
3 15 700 650 44 -
4 14 650 609 41 -
5 7 300 268 20 3 
68 199 15 
--
Table 1: Summary of Transect Details 
A preliminary part of the survey involved 
confirming the hypothesis that ''the oldest pinaster in the Park, 
'"~ ~ 
and hence the assumed initial seed source, wer~ those growing 
on "Homestead Flat". From Appendix 1.3 this was deemed correct, 
and the true age o:E ·the oldest tree encountered could be 
approximated as 72 - 73 years. This would tend to suggest an 
approximate date of planting o:E these trees sometime between 
1905 and 1910. This data does not strictly correspond with the 
time that I postulated that the pines were first planted for 
historical research. That is, that they were most likely 
planted by the Huffam family while they lived at the Bay 
sometime between 1870 and prior to 1904,when they left. I 
also felt that the pines were planted sometime before the turn 
of the century when from various historical reports, it 
appears that the Huffams were most active in developing the 
area. 
It could be that the pines actually were planted in 
the latter days of Huffams duration at the Bay, i.e. 1900~ 
1904. Indeed, if this were the case, my ring counts would 
tend to support sue~ an event assuming that any difference 
i~ actual ages of the trees and the age that I estimated, 
could be directly attributable to inaccuracies in ring 
counting. 
However, should this not have been the case, there 
are two further theories that could support my reasoning 
that the Huffams did in fact, plant the pines earlier than 
1900. Firstly, as Mrs. Host ascertains, the Huffams were 
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of such an industrious nature that the pines would have most 
likely been planted with a definite use in mind. Thus in 
their own best interests they may have felled and utilised 
any standing trees for their bark or boat building industry. 
Here the possibility exists that the pines may have already 
produced viable seed before being cut down and regeneration 
could have established, presumably unnoticed from this 
seeding. Consequently, this regeneration could be the pines 
presently growing on the "Homestead Flat" that I aged. 
The second theory presupposes that goats and sheep 
introduced by the Huffams (Host, 1976) would have tended to 
restrict any pine regeneration on open ground. Once stock 
was retired f~?m the ,land and farming ceased, (presumably 
from all accounts, when the Huffams left the b~y in 1904) 
any pine regeneration surviving would stand a greater chance 
of beco~ing established. Assuming that the Huffams did in 
fact, fell the larger pines for their own use before they 
left the Bay, this could account for the gap in age classes 
of pine from the oldest tree encountered ( 70 years), up ·to 
the time at which Huffams were most active in the Bay (i.e. 
prior to 1900) and presumably planted the trees. Howe~er, 
any of these three theories may be correct and all are based 
on the assumption that Huffams were indeed the first to 
introduce pinaster to the Bark Bay area \'Thich seems the 
most likely conjecture from my historical research and ring 
counts. 
7.2 Rate Of Spread 
A summary of the rate of spread for each transect 
ta~en from Appendices 6.2 and 6.3 is given in Table 2. 
39 
--· (Horiz.~ I Rates of Spread Transect Bearing Direction distance) 
0
mag Metres/year years/kilometre 
1 170 SSE ll.l 90.4 
2 205 ssw 9.2 108.3 
3 205 ssw : 9 . 2 108.4 
4 205 ssw 7.6 131.0 
5 260 sw 9.6 104.6 
Table 2: Rate of Spread Summary 
From this, there is a range in rate of spread from 7.6m/year 
to 11.1 m/year depending on transect. A mean horizontal 
rate of spread for all five transects was calculated as 
9.1 m/year or 110.6 years/kilometre. At this rate it would 
take some 111 years to cover 1 kilometre of land with the 
density of pine that is presently growing above Bark Bay 
assuming that country was as readily available for 
colonisation by pine as the land above Bark Bay had been. 
It must be recognised that these estimations are 
broad approximations only, due to the very subjective and 
difficult nature of determining rate of spread. Also 
actual ~ate of·spread is highly dependent on site factors 
and as the transects had been located where a pattern of 
spread was apparent, the influence of site factors should 
be borne in mind. With regard to the strongest direction 
of spread, it appea~s that this is in the S.S.E. direction 
(11.1 m/year). But on this transect there was a 
significant area located in a gully'without pine. For 
reasons such as this and other site variables, no firm 
inferences could be drawn as to the strongest direction of 
spread except that it appeared to be generally strongest in 
the southerly direction. Strictly speaking, these mean 
rates of spread are only for the transects located on the 
hill to the south of Bark Bay. However, they do give a rough 
indication of what pinaster is capable of given open ground 
to colonise and assuming the prevailing wind to be from 
the north. 
7.3 Graphical Analysis 
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Appendices 7.1- 7.5 show the relation of horizontal 
distance on height, age and DBH for each transect. Although 
most reference is made to age distribution, distributions 
of height and DBH also show very similar relationships, and 
help to illustrate the general pattern of spread evident 
with pinaster. Rates of spread were also plotted. 
Regression analysis was not applied to any of the graphs 
due to the stepped nature of spread in certain cases which 
would mean that the mathematical model would not be truly 
representative of the biological model. All transects can 
be traced on the aerial photo in Appendix 9.1 which also 
delineates gullies and vegetation types that each transect 
runs through. 
1) Transect 1 
Transect 1 (Appendix 7.1) shows an initial falling 
off in DBH, height and age away from the seed source. This 
is as the transect passes through the L2 vegetation type 
and then falls off dramatically as the transect passes over 
the first ridge above Bark Bay (300m) and drops into a P/B 
gully. On the other side of the gully the mean age resumes 
at about 30 y~ars which is relatively consistent with the 
age of the pine on the opposite side of the gully. The 
major difference in the latter part of the transect is that 
~ ' 
it pass~s through a much shorter open Ll vegetation type, and 
there is a marked reduction in incidence of pine, once the 
P/B type is encountered. The graph also shows a marked 
drop off in age classes from 54 to 42 years in the space of 
100 metres. This would tend to indicate the stepwise 
nature of spread by pinaster, whereby there is a gap in 
age classes equal to the time that new seedlings take to 
grow up and produce fertile seed and so spread outwards again. 
2) Transect 2 
This transect (Appendix 7.2) shows a similar 
relation to the above but of particular interest is the 
apparently even aged stand covering some 150 metres between 
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plots 2 and 5 . This could have been a r esult of an 
initial seeding in this direction . 
3) Transect 3 
Transect 3 (Appendix 7 . 3) shows the most general 
relation occ uring in the distribution of pinaster and f or 
this reason has been plotted as a profile diagram generally 
representative of the spread of pine at Bark Bay ( ~ig . 1) . 
4 ) Transec t 4 
This transect (Appendix 7.4) begins b~ passing 
through some of the densest pinaster found within the Park 
(Plate 5) . Consequently there is a high degree of 
competition and a l arge number of pines appear suppressed . 
This would tend to exp lain the large initial drop in DBH 
Plate 9: Densley Stocked Maritime Pine on Transect 4. 
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on the graph compared with mean age. In these areas 
of dense stocking the understorey is relatively sparse 
containing only mingi-mingi, black ponga and occasional 
kdnuka (Plate 9). In many cases the pi~e has overtopped 
competing kanuka and pine resulting in a high proportion 
of dead stems. Due to the free draining nature of the 
granite soils, there is a dense carpet of non-decomposing 
pine needles and consequently no humus layer. The region 
of closely spaced pine runs out at about 250 metres when 
there is a transition of pine into the Ll vegetation type. 
On the main ridge the vegetation consists of emergent pines 
growing over low manuka shrubland vegetation (Plate 8). 
5) Transect 5 
Transect 5 was the shortest of the five transects 
(Appendix 7.5) being only some 270 metres long before it 
ran abruptly into the P/B vegetation type, where no pines 
could be found. There was also an abrupt transition between 
the L2 and Ll vegetation types and a marked consequent 
increase in pine regeneration in the Ll type. 
6) Histogram 
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With transects 2, 3 and 4 following in identical 
direction and occuring on very similar terrain, it was 
decided to coqstruct.a histogram of the various parameters~ 
Age, height, DBH and rate of spread were averaged for the 
three transects (Appendix 6.4) and plotted against cumulative 
distance clas~es away from the initial seed source (Fig.2). 
The histogram shows the similar pattern of decrease 
in age, height and DBH with increasing distance from seed 
source. Also the rate of spread histogram exhibits two 
peaks corresponding with the crests of the two ridges above 
Bark Bay, indicating the rate of spread has been fastest 
approaching these two ridge crests. A mean rate of spread 
for these three transects was calculated as 8.7 metres/year. 
7.4 Discussion 
In summary all the graphs show generally similar 
features. The most prominent feature being that of the 
absence of pine in the P/B vegetation type. In most 
circumstances age, height and DBH follow similar relationships, 
44 
Fig . 2: Histogram Transects 2 , 3 . & 4. 
while rate of spread on the other hand, was significantly 
different. The same general pattern of rate of spread was 
found for all the transects. That is a somewhat faster 
I . r~te of spread as the pines colonised th~ foot of the hill 
close to the 11 Howes·tead Flat 11 and then a slowing in rate near 
the crest of the first ridge above the Flat. Then ip all 
cases except transect 5, there was a dramatic increase in 
rate of spread approaching the crest of the main ridge 
behind Bark Bay. This demonstrates that the pines are 
presently actively invading these low, open Lepto·spermu'm 
shrubland areas and this was further illustrated by the large 
amounts of pinaster regeneration encountered in the Ll 
vegetation type. 
Generally the density of pine in stems/hectare was 
highest closest to the Flat and the pines growing near ridge 
crests were found to be more stunted in height although 
many had large boles. This could be a result of the 
exposed conditions near the ridge tops and the influence 
of prev4iling saline winds. 
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8 . ECOLOGY OF MARITIME PINE 
Maritime pirie is native to the mpuntains of Spain 
and North Africa where it grows from seaFlevel to above 750 
m~tres in altitude and through a wide climatic range 
(Sweet & Thulin, 1962). Indications are that it was 
probable the fir~t exotic conifer successfully introduced 
into New Zealand (Weston, 1957). Indeed, it was 
sufficiently well_established in Northland in 1840 for a 
local enthusiast to have considered it indigenous and 
seeds were sent to Europe as those of a new pine named 
P. nova-zelandica (Adams, 1915). Weston (1957} records that 
it was being planted at Lytte1ton and Christchurch as 
early as 1863 and Auckland in 1866. From this it appears 
quite possible that Huffams indeed may have introduced 
pinaster to the Bark Bay area between 1870 and 1904 as it 
seems that stock was well established in New Zealand by 
this time. 
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Two majo~ provenances exist of the pine. 'rhe Atlantic 
coastal type is characterised by fast growth and generally 
good form while the Mediterranean group has slower growth 
rates and is characterised by dense, dome-shaped crowns 
(Sweet & Thulin, 1962). It was obviously impossible to 
determine whi~h prov~nance was growing within ~he Park 
but most of the older trees did exhibit dense rounded 
crowns. FRI (1976) states that most pinaster in New 
Zealand"is generally of poor form apart from some of the 
heavily branched, vigorous open-grown pine. The pine as such 
exhibits both adult and juvenile growth forms (Plate 13). 
Essentially the pine is a low level maritime species 
that thrives in a congenial oceanic climate (Dallimore and 
Jackson, 1966). Scott (1962) notes that as such it is a 
light demanding pioneer species and this probably explains 
the reluctance of regeneration to invade into the P/B 
vegetation type and other areas with closed canopies. On 
the other hand, it was seen to readily colonise open 
shrubland communities such as the Ll and more open L2 
vegetation types. 
8.1 Features of Habitat 
The coastal climate of the Abel Tasman National 
PaFk would seem to suit P. pina:ster as it is quite tolerant 
'. I 
of salt winds, while being adversely effected by frosts. 
(Scott, 1962). From earlier climatic data it is evident 
that the coastal region of the Park is relatively frost 
free and this would tend to favour the species here. Also 
Scott states that the tree thrives in winter rainfall, but 
not in zones with summer rain. Again this is closely 
akin to the climatic conditions of the Park. 
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Perry (1939) reports that pinaster thrives on light 
and well drained soils and can tolerate considerable summer 
drought and dry soil conditions caused by such drought. It 
is especially adapted to such conditions beca~se of its 
ability to develop a deep tap root in these soils. It also 
has an ability to tolerate very poor infertile soils, 
especially sand, and those low in nutrients (Scott, 1962). 
Here it can be seen that many of these features are 
consistent with the sites that pinaster is already occupying 
within Abel Tasman National Park. The predominant granite 
soils of the shrubland areas of the ·Park ar~ obviously very 
well drained and consequently drought prone in summer. Many 
of the low shrublands also contain characteristically 
infertile so1is. crearly many indigenous species would find 
it very hard to colonise such sites, once cleared of 
previous vegetative cover, thus there is relatively little 
~ ' impedi~g the invasion of pines onto these sites. Given 
the clear competitive advantage that they have over the 
indigenous flora it is easy to see why the pines.are readily 
colonising these sites at the present rate they are. 
~~~ 
In the literature nothing could be found regarding 
the self pollination of pinaster or what contributed to good 
seedfall years if such years occurred , periodicity of seed-
fall, or even what time of year seed~fall occurs in the 
southern hemisphere. If it could be deduced that seed only 
fell at certain times of the year, this could have an 
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important implication for understanding the invasion pattern 
by the pine. That is, that it would only be ·those strong 
winds occuring over.the period at seedfall that could lead 
td long range spread of pine seed. Krio~ing the directions 
of such winds it could possibly be predfcted 1 what new areas 
may have been colonised as the result of wind dispersed 
seed. Such areas would then be watched accordingly. These 
aspects could all help to further understand invasion 
characteristics of P. pin·aster. Weston (1957) did note 
that with P. pinaster good seed crops are the usual case. 
Furthermore, Allsop (1951) found that· first production of 
fertile seed by pinaster usually occurred after 10~12 years, 
in New Zealand,but casual seedings as early as five years of 
age have been observed. Indeed during this study cones 
were often noted on trees in the 10-12 year old age class 
and even a seven year old'pine was found bearing cones. 
None of these cones were tested for viable seed though, so 
it would be difficult to draw any firm conclusions from 
these few observations. The inference here though, is 
that once a pine has become established on a new site, there 
is usually a peiiod of 10-12 years before it can act as a 
potential seed source, thus increasing the invasion of pine 
onto new sites. Therefore, if further invasion is to be 
checked, such pines found present ~n .areas.of the Park 
where they ar~ not wanted, should be destroyed well before 
they reach age 10 (this is usually about 2-5m height) . 
Closely related to dispersal of seed within the 
Park is the finding by Sweet and Thulin (1962) that trees 
further towards the centre of a stand of pinaster carry 
significantly more cones than those on the outside of a 
stand. This is presumably due to a gradient in pollen 
concentration within the stand. This incidence of cone 
setting would tend to indicate that a large proportion of 
fertile seed leading to the invasion by pine is in fact 
arising from the middle of denser pin~ stands, rather than 
the peripheries. Thus, given time colonies expanding in 
size could contribute quite significant amounts of seed for 
regeneration on surrounding suitable sites, unless they are 
controlled or eradicated. 
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8.3 Regeneration 
It appears that pinaster seed germinates well but 
i~itial growth is relatively slow (Hopkins, 197lb). 
Hopkins (197la) also found that seedlings even though slow 
g+owing, are relatively drought resistant and do not run the 
usual risk of desiccation usually associated with many of 
the other Pinus species seedlings. Here is evident another 
competitive advantage of pinaster in colonising many of 
tmse somewhat harsh open shrubland sites in Abel 'I'asman 
National Park. Natural regeneration seems to occur freely 
where suitable sites exist and iB most favoured on open 
sites with well drained soils (Scott, 1962). This was 
found to be the case throughout much of the study area. 
Induced regeneration is a problem .associated with 
P. pina~ter that regularly follows fires and man's land 
-.-~--
modifying activities (Weston, 1957). Chavasse (1978) in 
a Forest Research Institute study presently underway into 
invasion of pine in New Zealand, found that the major 
cause of' invasion by pinaster was former burning or grazing 
of land. Indeed, Fenton (1951) notes the abundant and 
vigorous ~· pinaster regeneration following the 1946 Taupo 
fires. Pinaster appears to regenerate freely following fire 
as being a semi-closed pine it can retain closed cones for 
'< • 
a long time (S~ott, 1962). The action of heat from fires 
can serve to open such cones prematurely and so hasten 
regeneration. It has been earlier established that many of 
" ' 
the shrtibland communi ties of the park have been there fox· 
some time, but admittedly other areas of vegetation have 
been induced by man's activities in the area (e.g~ Tinline 
Stream). On such areas on induced colonisation by pine has 
most probably occurred as pines with their competitive 
advantage over indigenous species, r.eadily colonise into 
these areas cleared of natural vegetation by sporadic burning 
or land clearing operations. With the designation of 
National Park status these areas are now protected in 
perpetuity from land modifying activities insofar as is 
possible. It is important then, that fire prevention and 
control in these coastal areas, is a major priority as any 
fire in these indigenous vegetated areas could have,as a 
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consequence an accelerated rate of invasion by pine. Thus 
although natural regeneration of pine may be occuring all 
the time, induced regeneration by pine can be kept to an 
a~solute minimum with effective fire prevention and control. 
a·. 4 Pathology 
Generally !:· pinaster is a healthy species in the 
maritime climate although Weston (1957) records that damage 
by the defoliator Selidose~a s s is possible. Also it is 
susceptible to attack by ·the root rot Armillaria mellea in 
New Zealand. The pine observed during the study was in a 
predominantly healthy condition and the only evidence of 
disease were occasional trees affected by sooty moult 
(Trichopetheca asiatica) in areas of close proximity to 
manuka stands infested with Manuka Blight (Eriococcu~ 
orariensis • 
8.5 Natural Features 
1. Reaction to Wind 
According to Weston (1957) ~· pinaster trees in 
unthinned stands· are often easily broken off by wind. 
F.R.I. (1976) found that generally the pine produces less 
late wood in New Zealand than similar provenances overseas. 
As a consequence the stems may be less wind resistant due to 
the loss of st.,rengUl· caused by a reduction in latl.'.l wood. 
Here problems of canopy gaps within the existing cover of pine 
in the Park may occur with consequent recolonisation by 
pine as.noted earlier. 
2. Fire 
An important feature to recognise with maritime pine 
is the high fire danger associated with it. Being a resinous 
pine, the sapwood is capable of producing copious amounts 
of resin and in areas with exceptionally dry summers, the 
presence of this resin represents a very real fire danger 
(Scott, 1962). Indeed, Abel Tasman National Park does 
have very dry summers from time to time and thus fire 
prevention in these inflammable stands of maritime pine, is 
of utmost importance both to stop destruction of other 
vegetation within the Park and to prevent inducement of pine 
regeneration following fire. 
From this brief review of the literature, it can 
be seen that in the context of pinaster's presence in Abel 
T~sman National Park it does have many features which serve 
to make it an aggressive coloniser given suitable sites. 
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9. DISPERSAL MECHANISMS 
Wind dispersal is the major mechanism of seed 
• I d~spersal employed by all species in the Pinaceae family 
(Dallimore & Jackson, 1966), and it seems most likely 
that wind dispersal of seed is primarily responsible for 
the radiating pat·tern of pinasters distribution outwards 
from Bark Bay,upon sites suitable for colonisation by pines. 
It also appeared evident from my observations that there 
are two mechanisms of wind dispersal responsible for the 
present pattern of pinastersdistribution. One is a rather 
slow mechanism of spread via prevailing winds, while the 
other is the rapid mechanism of spread of seed via strong 
gusts of wind. 
9.1 SteEEed Dispersal 
This is slow step by step migration of regeneration 
away from the seed source in the general direction of the 
prevailing wind, and is readily visible on the hillslopes 
to the so~th of Bark Bay. The stepped nature of spread is 
also evident alon~ some of the transects, (transect 2, 
Appendix 7.2) where age decreases in small steps with 
increasing distance away from the seed source. Seedlings 
grow up adjacent to seed trees and these grow up and seed 
out. The consequent gap in age classes is approximately 
equal to the time pinaster first takes to produce viable 
seed. From the graphs in Appendix 7.2 - 7.5 this appears to 
be from. 7 to 15·years~ Similarly Allsop (1951) gives the 
time for first production of fertile seed by pinaster as 
10 - 12 years, with casual seeding as early as 5 years 
having been noted. 
9. 2 RaE:!:._d Long Distance Dispersal of Seed 
In addition to stepped disp~rsal, there is evidence 
of spread occasioned by strong winds capable of carrying 
the pinaster seed considerable distances. Such pines are 
usually found growing long distances from the seed source in 
sr;eds d · h the area. ~ina~/are generally fairly heavy compare w~t 
many other seeds,but the large lobed wings on pinaster seed 
make it quite capable of travelling quite long distances in 
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strong winds (Dallimore, 1966). Such winds must usually 
be greater than force 6 on the Beaufort Wind scale (i.e. 
greater than 22 knots) (Oliver, 1974). Bearing this in 
mina, it was hoped to relate the occurrence, strength and 
direction of winds of force 6 and above, to the present 
distribution of pinaster. From this it was hoped that some 
correlation could be obtained between dates of these major 
winds in the Nelson region and age classes of pinaster in 
different areas of the Park. The Meterological Service at 
·Nelson airport and the D.S.I.R. Research stations at Riwaka 
and Motueka, were contacted regarding such data. Nelson 
airport returned the most useful data with Meterological 
regords going back to 1940. It should be emphasised though 
that such an extrapolation of climatic records has many 
failings but in conditions with very strong pressure 
gradients, especially when the wind approaches over Tasman 
Bay, high winds at Nelson are probably also present at Abel 
Tasman National Park (Tomlinson, pers. comm.). From these 
records two occurrences stood out above all others: 
22 February, 1944 Max. gust 
12 March, 1975 (Cyclone 11 " 
Alison) 
= ~60/82 knots 
=120/75 knots 
From my sampling for age, the oldest tree encountered 
outside the immediate'Bark Bay vicinity was only 48 years 
old. Thus it could be assumed that prior to 1930 pinaster 
w~s confined to the Bark Bay environs and it was not until 
1930 that rapii long ~istance spread by wind 1 resulted in 
the establishment of the first pinaster away from the Bark 
Bay area. Prior to this,stepped dispersal had been the 
major mechanism of spread of pinaster. South of Bark Bay 
the first evidence of long range dispersal of pinaster was 
found on the headland at the true right of Falls River 
(Plate 8) .on this hill the largest p~naster (i.e. over 1.5m 
height} were sampled for age to try and determine when the 
pine arrived at this site. Smaller pine less than 1.5m 
height was disregarded due to the possibility of its seed 
originating from pinaster alredy established on the headland. 
Of the 20 largest pines sampled on the hill, the oldest 
was found to be 30 years proving that the seed had first 
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·arrived here sometime around 1948. In addition a total of 
8 trees varying in age from 27 to 29 years, were encountered 
proving that there must have been strong.winds in this I I 
geh~ral direction at that time, capable of transporting 
seed from the Bark Bay area. A number of Maritime Pine 
were also established on the barren scrubland headland 
separating Torrent Bay and Astrolabe Roadstead. This was a 
distance of some 4 - 5 km from Bark Bay, but through lack 
of time, I was unable to sample any of these pine. 
Fortunately Chief Ranger Rennison carried out a pine 
eradication programme over a major part of this area in 
March 1978. Consequently data for these pine were collected 
during these operations. Although the major pine in the 
area was radiata (409 of the total cut) a total of 22 pinaster 
were also destroyed. Interestingly, he found two pinaster 
aged 27 years and the oldest aged 30 years. This tallies 
significantly with the oldest pine found at Falls River 
and established that the seed first arrived around 1948. 
The inference that can be drawn here is 1 that it is most 
probable that the same strong winds from the north that blew 
seed onto the Falls River headland, also carried the seed 
further south to Torrent Bay. Accounting for the sampling 
height and the possibility that the wind blown seed may have 
lain dormant for several years, it is highly likely that 
this seed could~ have oeen dispersed long distances in the 
major winds of 22 February, 1944. Furthermore, there are 
also occasional instances of pinaster occuring along the 
Astrolabe Roadstead a; far south as Apple Tree Bay some 7.2km 
from Bark Bay. Time prevented sampling of these but they 
appeared to be of similar size to those seen at Falls River 
and Torrent Bay and it would be most interesting through 
increment boring, to see if these too were of similar age 
structure and therefore possibly origin~ting from seed 
dispersed in the same high winds of 1944. 
Another factor of dispersal apparently resulting 
from these high winds is that of pine outliers. From the 
aerial photos (Appendix 9.2) it was evident that there 
were a number of groups of younger age class trees clustered 
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densely around a single larger tree . These I termed 
"Pine outliers", wher:e one parental found er tree presuma bly 
I 
resVlting f r om a wind dispersed seed , had established itself, 
grown up, and produced viable seed after some time, which 
once dropped, often germinated and established itself close 
to the parental tree . With time , many trees grew up around 
the single oldest tree . A total of ten outlie rs were 
identified from aerial photographs (Appendix 9.2). These 
·were subsequently checked in the fi e ld by recording ages , 
DBH and heights of the parental tree and the next ten largest 
trees (Increment Core Data Sheet II, Appendix 3 . 2 ) . From 
these results it was aimed to determine the age of the 
Plate 10 : Typical Maritime Pine OUtlie r (Outlier No . 7) 
outlier founder tree and by sampling the next ten larges t 
trees, it was hoped to determine the gap between the founder 
tree growing up and producing its first viable seed, as well 
as making sure that there was only one found e r tree in each 
outlier . The following is a summary of the results: 
-Outlier 1 2 3 4 5 6 7 8 9 
Oldest Tree Age 46 ·45 50 56 36 46 45 32 47 
I 
Next Oldest Tree 27 29 34 37 21 28 23 18 28 Age 
Age to Produce ;L9 26 16 19 15 18 22 14 19 viable seed 
Table 3: Pine Outliers - Age Data 
It becomes apparent from this data that what had 
been observed from aerial photos was in fact, the case. 
In each case a single founder tree acts as an individual 
seed s ource and was responsible for initiating of younger 
trees in an outwards radiating pattern. Outliers 1 ~ 6 
1 0 
48 
36 
12 
were l ocated on hill country south of Bark Bay while outliers 
7 - 10 were found in the Long Valley creek catchment just 
north of Bark Bay. All the outliers were found to be . growing 
in the Ll vegetation type. The age of founder trees vary 
in age from 32 to 56 and presumably are a result of strong 
Plate 11: Outlier with Parental Founder Tree 
surrounded by Progeny (Ou tlier No.2) 
winds in the direction of the outlier around the time 
period 1978 minus the oldest tree age. The time taken for 
each of the ten founder trees to produce their first offspring 
varies from a period of 12 years to 26 years, the average 
time taken for the ten trees being 18 years. This p e riod 
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is not quite in line with the earlier stated period 
pinaster takes to produce viable seed, but here the seed 
may be lying dormant· on the ground for several years before 
I 
it'germinates and establishes itself. In addition to the 
outliers noted, it should be realised that many smaller 
outliers presently growin in size may have been missed as 
until they have expanded significantly they are not readily 
discernible from aerial photos. 
In all the outliers observed the founder tree was 
significantly larger than the progeny. Generally there was 
a circular radiating pattern of older and larger trees 
closest to the founder tree with successively younger age 
classes further out (Plate 11). Also pines growing within 
an outlier generally had smaller DBH's and heights than 
equal age open grown pine. This was a result of suppression 
of trees within the outlier due to intense competition for 
growing space. Often dead and dying pines which had been 
overtopped or crowded out were observed within the outliers. 
This was.most evident in the densest outliers (3, 9 and 10) 
but the less dense outliers (1, 2) also showed similar 
features. In most cases there was no regeneration of any 
kind inside the centre of the outlier and instead there was 
usually a thick carpet (5 - lOcm) of pine needles. However, 
on the periphe~ies of: the outliers where there was less 
competition and more light, pine regeration was often 
abundant indicating that the outliers were actively expanding 
in size·presumably afded by older trees in the stand, 
capable of producing fertile seed in addition to the founder 
tree's seed. Bearing all these factors in mind, one may 
pose the question as to how these outliers originate. It 
is fairly evident that windblown seed germinates on a 
suitable site and establishes itself. Consequently a 
tree grows up, bu·t in sites as isolated from other pinaster, 
as those at Long Valley, one wonders how the seed is 
fertilised to become viable. Here the possibility exists 
that occasionally pinaster inbreeds via self pollination. 
This implies a very narrow genetic base and could suggest 
why some trees growing in outliers are inferior and very 
poor quality trees. 
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In addition to the four outliers found in the Long 
Valley Creek area, there were a number of scattered free 
growing pines amongst the Ll vegetation type predominant 
I 
the~e. The majority of these trees were also sampled for 
age and their respective ages record, :d alongside the 
position of each tree on the Long Valley aerial photo 
(Appendix 9.2). Two possibilities exist as to the origins 
of these trees. They either arose from seed blown north 
from Bark Bay by a southerly wind, or alternatively they 
may be the progeny of the significantly older founder trees 
found in each of the four established outliers at Long 
Valley. It appears from my ring counts of outliers that 
the first pinaster arrived in this area sometime between 
1928 and 1933. There are only three such trees in the area 
(i.e. Outliers 7, 4' 10); and of the remaining pinaster 
growing at Long Valley the majority are under 30 years in 
age. This is a strong indication that rarely does seed 
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blow from Bark Bay 1 north to here and become established, but 
rather the majority of pinas·ter at Long Valley is the progeny 
of a few trees that have grown from seed which had been 
originally wind d1spersed from the pinaster at Bark Bay. 
It appears that these trees must have been prolific 
seeders to account for the present distribution of pine at 
Long Valley. 
The area is also most interesting in that it 
represents the northern-most limit of pinaster within the Park. 
Presumably this has been a result of strong winds 
from a southerly direction carrying seed northwards. 
Interestingly though, the pine has not continued as far 
northward (2.2km), as it has southward (7.2km). The topography 
of the land and the prevailing wind direction could provide 
answers to this. The wind pattern is predominantly from the 
north in the Bark Bay region, and southerlies are comparatively 
rare and even when a southerly does occur it would have to 
be of sufficient strength to counter the effects of uphill 
topography. Directly to the north of Bark Bay lies the long 
Stony Hill Ridge which the wind must carry the seed up and 
over before it finds the closest sites north of Bark Bay 
Plate 12: Outlie rs 9 and 10 at Long Valley Creek, 
the large~t outliers encountered and located 
s ome 2km north of Bark Bay. · 
suitable for colonisation by pinaster. Coupled with this 
reduc t ion of SPTead o f pinaster to the north is the lack 
o f sui table s ites for c olonisat ion c ompared to a r eas s outh 
of Bark Bay. This could help to e xplain why most of the 
younger pine gr~wing a t Long Valle y appears to be the 
progeny of trees alrea dy established in the vicinity . 
Here a l s o arises anothe r impor tant factor involve d 
in pinaster's dispersal and consequent invasion pattern . 
That is that it uses wind and the height of the area it is 
growing on to its advantag e . From age s amples , rapid long 
distance spread of pine has only become a ma j or fo r ce in 
the invasion of pinaster since the mid 1940 ' s,whe n it began 
spreading away from Bark Bay in greater numbe rs. It can be 
postulated that this time period roughly corresponds with 
the time that pinaster became established (mostly via 
stepped spread) on the hills above Bark Bay . Given this 
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height advantage of 200 - 300 metres, it is possible that 
when strong winds occurred this additional height enabled 
pinaster seed to be carried greater distances before falling 
I 
to ~he ground. This in turn could have a 'leap fragging' 
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effect on pine dispersal up and down the coastal margin of 
the Park,where suitable sites were available for colonisation 
by pine. This is a theory only but could explain the rapid 
upsurge in dispersal of pinaster over long distances in the 
last 20 to 30 years. 
It has already been stated that areas to the north 
of Bark Bay are more difficult for pine to establish 
compared with the south, due to the influence of prevailing 
winds and a small topographic barrier along with many 
unsuitable si·tes. But now that pinaster is becoming established 
in the Long Valley area it has gained a height advantage 
and even though strong southerly winds are not frequent, 
should they occur when seed is ready to fall, there exists 
a real potential of pinaster spreading on to any suitable 
sites further northwards. 
It becomes imperative then that this'stand is 
eradicated immediately to retard the spread in the northerly 
direction. This would stop the development of further seed 
sources of vary-ing distances along the coast as has 
occurred south of Bark Bay. 
· ·The ma]or eftect of long range dispersal ·is that 
the species is no longer confined to a single area such as 
Bark Bay, but becomes dispersed throughout a large,portion 
of the Park. From this the potential exists for increased 
invasion of new formerly pine free sites by pinaster where 
conditions are suitable. This is a consequence of the 
larger number of sites along the coast containing trees 
which may act as a seed source for further colonisation. 
Such seed should it be produced, has a high probability of 
falling on pine free areas and once established could in 
turn lead to colonisation of further new areas again so 
invasion could continue. From increment boring it is evident 
that long distance dispersal of pine has increased considerably 
since the mid 1940's especially south of Bark Bay. Given 
suitable colonisation sites,this represents a real danger 
to the Park,in that a rapidly expanding pine seed source 
will make any control. programmes increasingly difficult. 
In summary the two mechanisms of spread that were 
observed have been discussed in detail. Examples of 'long 
range spread' by pinaster over varying distances and in 
, different directions, show that this mechanism of spread 
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and the effects of colonies growing in size would significantly 
increase the rates of spread calculated from the five 
survey transects. 
10. REG:SNEPATION OF MA.RITIME PINE 
It was commonly observed during the study that the 
majority of pine regeneration was confined to the Bark 
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Bay vicinity and then it was mostly found in the Ll and 
more open L2 vegetation types where high, light conditions 
favoured its growth. It has already been established that 
Platel3-: Pinaster regeneration - ju\.enile growth 
form with characteristic ~~lt double leaved 
fascicles beginning to develop. Shows 
affinity of the pine for bare open granite 
soils. 
once a canopy had closed there was little chance of 
pinaster establishing itself due to insufficient light 
conditions. For this reason very little pine regeneration 
was observed within the P/B forest type or the denser 
and taller L2 types. In areas further away from Bark 
Bay, it was agallin only the open Leptospermum shrubland 
cowmunities and more open sites which had pine 
regeneration growing on them. 
An important observation that was also noted was 
the increase in pine regeneration once an older tree 
had fallen, inducing high light conditions on the ground. 
It was established that in 1975 as part of the Park's 
eradication programme, several pine had been felled on 
the island (Ranger Ki l by, pers. comm. ) in the Bark Bay 
Lagoon. (Plate 14) . The tree visible on the photograph 
was established as being 39 years old. In the immediate ' 
vicinity of the felled trees where the relatively light 
Leptospermum cover had been broken, a total of 75 young 
regenerating pines were counted. Fro~ sectioning these 
Plate 14: · 'Island' -Bark Bay Lagoon- Fell~d pine 
arrowed. 
stems and s ubsequent ring counts it was established that 
85% of these were in the 0 - 2 year old age class. This 
indicated that these young pines were a direct result of 
the fallen pine increasing the grou nd light conditions and 
thus leading to an upsurge of pine regeneration to 
recolonise these sites. A similar effect was also 
observed in a canopy gap in the dense cover of pine 
behind Bark Bay Hut. (Plate 15). Here a wind-blown 
59 year old pine had created a large canopy gap into 
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which gorse and P. pinaster regeneration had readily invaded. 
Approximately 35 juvenile growth form pines were counted 
within the gap obviously induced by the increased light 
conditions and abundance of seed. Occasionally similar 
evidence was also seen in canopy gaps caused by wind, but 
not of the significance of these two observations. 
The inference that can be drawn from this is that 
any large scale felling progra~me that could be implemented 
to control the pine, could have the consequence of 
inducing open spaces into which pinaster regeneration 
may readily colonise again. This would only app l y to the 
denser areas of pine as in the Ll types spaces already 
exist for colonisation by pine. Therefore, in such sites 
where pine was felled, it would be necessary to return 
after a period of two to three years to remove any 
regenerating pine and thus prevent the re-development of 
Plate 15: Pine regeneration and gorse colonise a 
canopy gap created by the windfall of an 
old maritime pine behind Bark Bay Eut. 
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another subsequent source of seed. Occassional checks 
would also be necessary from time to time to ensure that 
the pine had been eradicated from such areas. Thus the 
main aim of this would be to prevent the build up of pine 
capable of producing seed once again. 
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11. MANAGEMENT IDERATIONS 
With respect to the situation of maritime pine in 
Abel Tasman National Park, many implications for management 
have been borne out in previous sections. In summation then, 
this section aims to gauge the threat of the pines to the 
Park and methods of combatting this threat. 
11.1 Implications for Management 
With the stipulation in the National Parks Act 
(1952) that 11 introduced flora and fauna shall as far as 
possible be exterminated'' (8.3(2)), there are obviously 
important implications for management of National Parks 
arising from a study such as this. Obviously pinasters 
ecological features give it a clear competitive advantage 
over indigenous flora on certain sites within the Park. In 
particular, from the study, it appeared that the bare 
infertile soils and open LeptosE·ermum vegetation types were 
most susceptible to invasion by pine. Many such sites exist 
along the coastline of the Park, especially between Marahau 
and Tonga Bay (Map 4) and one can forsee a real danger of 
pine invading into these sites before the somewhat slower 
natural reversion by indigenous species. Thi~ problem 
becomes furthet~complicated by the ability of pinaster to 
establish outliers long distances from the orig~nal seed 
source. This means that the species is no longer confined 
to a single area, sue~ as Bark Bay, but is sufficiently 
dispersed over a wide area to enable further spread given 
suitable conditions and sites. Importantly this rapidly 
expanding seed source will make any control operations 
increasingly difficult, as incidence of pinaster within the 
Park, becomes further widespread. It is imperative then to 
act quickly to control the spread of· this exoitc species. 
The aspect of fire also has an important influence 
on checking pinasters' spread. It is evident that many of 
the Parks shrubland communities are extremely vulnerable to 
fire damage, and indeed any burnt areas could have the 
adverse consequences of destroying any indigenous regeneration 
that might be present. This could effectively retard the 
succession to indigenous forest, while at the same time 
providing further sites for accelerated colonisation by 
I ' pin~. Furthermore the fact that pinaster is a resinous 
pine, and its inflammability making it an extreme fire 
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hazard, especially in Nelson's dry summers, creates a further 
problem and emphasises the need to effectively control the 
spread of the species throughout the Park. Also fire in 
existing stands of pine can induce regeneration by opening 
serotinous cones as well as destroying indigenous regeneration. 
For these reasons it is imperative then, especially at Bark 
Bay which has the highest density of pinaster, that effective 
fire prevention and control procedures are maintained. 
Given the danger that the pines pose to Abel Tasman 
National Park, clearly eradication would be the most ideal 
procedure to rectify the problem. Obviously limits of 
finance and labour,mean that such a task is not feasible 
given the current situaLion. Indeed the pine appears to be 
sufficiently well established to make total eradication a 
seemingly impossible task. For this reason then, it is 
important to establish priorities for control. 
In certain cases it can be accepted that the pines 
are an integral·~part of the landscape and even have 
historical significance (e.g. Bark Bay). By keeping fire out 
of these areas, it would be hoped that eventually the 
indigenous vegefation ~ay replace the pine. Advantageously 
pinaster is one of the more attractive conifers and in 
certain situations, such as the stand at Bark Bay, .it does 
not appear to significantly detract from the scenic 
qualities of the area. In such situations then,the older 
established pine stands should be tolerated. On the other 
hand, single scattered trees, that clash visually and 
aesthetically with the native vegetation should be felled. 
Highest and immediate priority though, should be 
given to retarding the spread of pinaster to new areas of the 
Park, so that seed sources do not become widespread, leading 
to further consequent invasion. It should be aimed then to 
eradicate all areas of pinaster other than those confined 
to the Bark Bay area (Map 3). In particular this would 
involve eradicating the pine at Long Valley to prevent the 
'le~p-frogging' pattern of spread northwards against the 
prevailing winds. Also the open shrubland areas south of 
Bark Bay should be watched accordingly (i.e. Falls River, 
Torrent Bay) . 
It is also hoped that many of the findings arising 
from this study may be equally applicable to the very 
similar radiata pine problem within the Park, although in 
many cases further detailed study would be required. 
ll. 2 Control and Eradication 
Methods of control that are available include the 
following: 
l. Burning - not considered within a National Park. 
2. Soil Sterilants - using herbicides applied to the base 
of trees. 
3. Poisoning - injection of poison into stem. 
4. Felling - pulling pine regeneration by hand or felling 
trees. 
Both soil sterilants and poisoning are unsuitable 
as they are pr~ribiti~ely expensive and give less effect 
on larger trees (Davenhill, 1974). In addition dead trees 
are left standing which would prove unsuitable in the Park 
situation. Felling tqen would appear to be the most suitable 
method of control or eradication. Obviously it is not 
possible to fell large areas of pine such as at Bark Bay due 
to the vast damage and consequent massive reseeding (Section 
10), but if control of pine is to be an objective, effective 
felling procedures are required. 
Priorities here,involve eradicating potential seed 
trees first and then younger pines. As it generally takes 
pinaster 10 - 12 years to produce fertile seed, the 
potential seed trees are usually emergents above the 
characteristically low .~e;et~spermum shrublands 1 that they 
invade. This makes control easier in that it is only 
essential that the readily visible emergent trees capable of 
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producing seed are felled immediately. Undoubtedly younger 
pines will exist in these shrublands which may be hard to 
find. As these tree~ are generally not capable of producing 
viable seed, then as long as they are felled immediately 
that they become discernible as they emerge from the 
shrubland canopy, there is no great danger of these trees 
contributing to further spread. Thus there is no great 
urgency in the total eradication of pinaster in areas where 
this is the desired objective, provided that any potential 
seed trees are removed. This then would require periodic 
control operations to totally eradicate pine from ah area. 
In checking spread away from Bark Bay, it has been 
deduced that major winds (i.e. greater than Force 6), 
during ·the seedfall period of pinaster (late summer/autumn) 
would lead to the grc·atest ·threat of further spread of pine. 
For this reason it is suggested that open shrublands and 
other likely sites for colonisation by pine,be surveyed for 
incidence of pine regeneration, in the direction of these 
winds 1 3- 5 years following the occurrence of these winds. 
Areas requiring control operations could then be ascertained 
and the spread of pine checked. Control of pine could also 
be maintained by urging park-users to co-operate by pulling 
out any pine regeneration that they see. This could be 
achieved by def~ning the problem with respect to pines inthe 
Park, in brochures, illustrated lectures etc. ~nd by 
displaying pertinent illustrations of the actual problem 
species !Plate ~3). 
Regarding the pine stands to be tolerated (i.e. 
Bark Bay) effective fire protection is essential if pines 
are to be eventually replaced by indigenous species. Indeed 
it may even be possible to accelerate this process of natural 
reversion of indigenous flora by planting shade tolerant 
indigenous species (e.g. rimu) within the stands of pine, 
so that eventually the pine is overtopped. 
A feature unique to Abel Tasman National Park, is 
the co-operation that will be required by private property 
owners along the coast of the Park in order to maintain 
effective control of the spread of pine. As to achieving 
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control, it is essential to eradicate pine from both 
National Park and private land simultaneously where reauired. 
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12. S~GGESTED AREAS O.F }'U'l,URE RESEARCH ARISING 
FROM THE STUDY 
One of the major points arising from this study 
was the large number of unanswered questions in relation 
to pine in Abel Tasman National Park. These could all 
serve to highlight further areas of research. Such 
research would be essential before one can fully understand 
the processes occurring in this relatively unknown field 
which are so essential to the vast management of such an 
area. 
One of the biggest questions remaining unanswered 
is the possible sequence of vegetation that will occur on 
these coastal vegetated areas as time progresses. European 
settlement of the coast has left many areas in an extensively 
modified condition. With National Park status the area is 
ensured of maximum protection to remain in an unaltered 
state. Already in many areas protected from fire and other 
man-induced changes, the slow process of reversion to native 
forest has begun. Thus, as a giant experiment in landscape 
recovery it could hold many answers of great human and 
scientific interest. Such problems to be solved are, will 
the pines be r~placeQ by indigenous flora and the shrublands 
revert to natural forest, or will these veget~tion types 
remain relatively static as time progresses? Can the pines 
~nd shrublanda· act as a nurse crop for indigenous species? 
' . 
In some of the denser areas of pine and kanuka, it would 
appear that the thick layer of very slowly decomposing pine 
needles along with low light sub-canopy conditions, would 
effectively prevent the establishment of many indigenous 
species. While on the other hand pine stands such as those 
at Coquille Bay and Tinline Stream show indigenous flora 
(including young Rimu) growing throughout. Similarly Ogle 
(1976) notes the increase in diversity of indigenous 
species resulting from the greater variety of'micro-
habitats' created by a variable density coastal stand of 
pinaster at Opoutoe, Coromandel Peninsula. Admittedly sites 
in Able Tasman are dramatically different to Coromandel, 
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but the same principle could still possibly hold. Proximity 
of areas of pine to an indigenous seed source and sufficient 
p~netration of the canopy by light, could explain why some 
of the stands have indigenous vegetation growing within 
them while others do not. Many of the moister gullies 
appear to have a predominantly hard wood vegetation (Mahoe, 
Kamahi, Marble leaf) in them. The presence of species with 
palatable drupes in these gullies could attract 
frugivorous birds,which may in turn disperse seeds of these 
indigenous species throughout the pine and shrubland areas. 
Small kamahis were occasionally seen within the Ll 
vegetation type and here the possibility arises that the Ll 
type may just be an early stage in the succession through 
to the L2 type and thence the P/B type. Regardless of these 
observations though, it is unwise to infer what the eventual 
succession of both exotic and indigenous species will be 
without firm quantitative data to back up such observations. 
Here arises the need for further scientific research in 
order to quantify many of these aspects. Methods of 
comparison of indigenous and pine regeneration inside 
pine stands as well as outside, could serve to provide some 
of these answers. 
Other aspects into which future research could be 
beneficial to'bndersfand the processes occuring within 
the Park are detailed as the following: 
l. A knowledge of the infertile low Leptospermum shrublands 
(i.e. Ll vegetation types) would be essential to 
understanding the succession tha·t may occur on these 
sites. Has an original forest cover been removed, 
perhaps by early Maori burning, with consequent loss 
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of topsoil and very slow recolopisation of the infertile 
subsoil, or are these areas true natural shrublands, 
their vegetation able to survive conditions of such low 
fertility that forests were not able to establish? 
Attempts during this study at answering this same 
question failed and it is obvious that a more detailed 
study would be required before any firm conclusions could 
be drawn. 
2. This study was confined solely to ~· pinas~ within 
the Park but P.· radi~t~ is also present in even greater 
numbers over a greater area. Could it be that aspects 
of this study could be relative to P. radiata as well? 
A similar study on Radiata Pine would provide such 
answers, although present indications are that the 
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two species could be very similar in habit, i.e. occupying 
the same vegetation types, similar methods of dispersal, 
etc. 
3. Ecological aspects of ~· pinaster also require further 
study to develop a better understanding of the invasion 
characteristics of such colonising pines. As has been 
noted in a previous section, no information could be 
found regarding the occurrence of inbreeding within 
~· Einaste~ as could quite possibly be occuring within 
some of the colonies that were observed. Also does 
Maritime Pine have better seed years some years than 
others, and if so what causes such prolific seed years? 
Is there any inherent periodi~lty associated with ~­
pinaster seedfall? An important question that could not 
be answered is the time of year seedfall actually occurs 
in the Southern Hemisphere, and with ~· p~~r being 
a semi-closed cone pine, what conditions lead to and 
how long d6es it "take for seed to be released from pine 
cones? Obviously very little is known about ~· inaster 
in the New Zealand context and information in any of 
these fiel~s wouid aid a better understanding of both 
~· pi~aster and features of invasion by such colonising 
pines. 
It is also noted that should the pines at Bark Bay 
be left, as would appear the practical case, they have a 
definite intrinsic value for research purposes in studying 
the ecology of a colonising species in great detail. As 
such they provide a classic example of invasion from 
approximately 70 year old trees right through to seedlings, 
in a radiating pattern outwards from the seed source. 
Further study here could quite possibly benefit the knowledge 
of invasion by exotic pines and the types of land and vegetation 
types that they reuully invade into. For this reason if 
any pines were felled as part of a pine control progranune, 
i~ would be most worthwhile to record data on age, size, 
location, etc. Such data if collected, could prove valuable 
for future research into invasion characteristics of exotic 
pines. An aspect that should be persued following this 
study 1 are recordings of any new of additional areas omitted 
in this study,where ~· ina~ter has become established. 
This would aid in mapping up-·to-date distribution of 
Maritime Pine within the Park and determining areas where 
control was necessary. 
Another important area sadly neglected in this 
study, due to time and practical limitations was: 
An accurate survey of the density of pine 
distribution throughout the Park. 
Determining the age when P. pinaste:r:. first 
produces fertile seed. 
Relation of soil types to invasion by pine. 
Incidence of cone setting. 
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13. CONCLUSION 
From this study it is clearly evident that 
maritime pine has a very real potential to expand its 
distribution dramatically, and if left unchecked, it could 
drastically modify the present coastal vegetation and land~ 
scape in the southern portion of Abel Tasman National Park. 
Although total eradication is not a feasible objective, some 
form of control is obviously necessary to stem the spread 
of pinaster, before it creates further problems. To this 
end then, a number of recommendations have been made: 
1. That maritime pine be accepted as part of the 
landscape at Bark Bay and confined to the immediate 
environs of that Bay. 
2. 
3. 
4. 
That maritime pine be eradicated from those areas 
of the Park other than Bark Bay into which it has 
spread and colonised. 
That the public be made aware of the danger and 
damage that fire can cause, in the coastal 
shrubland communities of the Park and in the stand 
of maritime pine at Bark Bay in particular. 
That the public be encouraged to pull-out, fell 
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or destroy any pine regeneration when they encounter 
it. 
5. That further research be undertaken to improve our 
understanding of these natural processes occuring 
~ ' 
"within the Park. 
This study as such, has dealt with just one aspect 
of the natural processes occuring within Abel Tasman National 
Park. Admittedly many of the observations do lack firm 
quantitative evidence, but they do uncover areas that require 
further investigation and illustrate that we cannot keep our 
unique landscapes by closing them up. Instead we must under-
stand the processes going on within these landscapes and 
use this knowledge to maintain then in a condition compatible 
with our aims for National Parks. 
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APPENDIX l.l SURVEY APPROVAL 
ABEL TASMAN NATIONAL PARK BOARD 
;\.11 Communications to be 
Addressed to the S~cretary 
3 February 1978 
M:r Lewis Sanson 
128 IJyttel ton Street 
CI:IRISTCHURCH 2 
Dear Sir 
MARITIME PINE SURVEY 
BOX 443, 
NELSON, 
Please quote 
AT 49 
-'-"-----' 
in your reply, 
This is to confirm in writing the verbal approval alres~ given to you 
by the Board to ca:r.Ty out a Maritime Pine Su:r:vey along the coast of the 
Abel Tasman National Park between the dates 10-20 ll'ebruary 1978., 
You are to discuss this matter in detail with the Chief Hanger and you 
are to keep staff informed at all times of your movements~ 
..,~ 
L~UsSEJLL 
Chairman 
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APPENDIX 1. 3 
LOCATING THE INITIAL SEED SOURCE WITHIN ABEL TASMAN 
NATIONAL PARK 
It had been hoped to confirm by increment boring, the 
historical evidence that the oldest pinaster in the Park 
(therefore, the assumed initial seed source) were in fact 
the pines growing on the 11 Horn.estead Flat 11 • Unfortunately 
though, many of these trees had a larger diameter (i.e. 
greater than 80 em inside bark cHam.) than the maxirum 
reach to include the pith of the largest increment borer, 
(i.e. 40 em) even with bark chipped away. For this reason 
ageing by increment core ring counts was not possible on 
these trees. In contrast all other trees encountered, 
other than those on 11 Homestead Flat 11 \·?ere within the reach 
of the increment borers giving a possible indication that 
the flat was indeed the probable initial seed source of 
pinaster in the Park. 
Fortunately there were several windfall pines on the 
flat, from which actual ring counts (from chainsaw cuts) 
were possible. In addition all maritime pine on the flat 
was measured for height and DBH (Table 1). 
Tree number DEE (em) Height (m) 
1 110 19 
2 119 felled 
3 109 20 
4 112.5 felled 
5 89 17 
6 86 15 
7 97.5 19 
8 96 19 
9 72 17 
10 84 20 
11 82,5 19 
12 80 18 
13 57.5 15 
14 80 19 
15 97. 5 20 
16 92 18 
17 81 18 
18 82 18 
19 79 16 
20 81 18 
21 76 14 
Table 1: Height and DBH of Pinaster on hHomestead Flat" 
Mean DBH = 88.74 em Mean Height = 17.32 m 
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It was deduced that the four largest pines (trees 
1-4) may possibly be the oldest pinaster in the Park. 
Fortunately, two o£ these were felled and from ring counts 
the age at the 25c~ sampling height was estimated to be 
70 years. Using the age/height relationship (Appendix 
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5.1) the true age of these oldest pines could be approximated 
as 72-73 years (i.e. planted 1905-1910). 
Mean DBH = 112.63 em 
Mean Height= 19.5 em 
It was presumed then that these pines were indeed, the 
initial seed source of P. Pinaster within the Park. 
~
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APPENDIX 1.4 
VEGETATION TYPES 
For the purposes of this survey the Leptosp§E_mum 
shrublands described in Section 2.2 were broken into two 
distinct sub-types. Also the Beech and Podocarp/Hardwood forest 
type. Amalgamated into one type - the Podocard/Hardwood/ 
Beech type due to the relative resistance to the invasion 
of the type by pine. The _occurrence of pine within a type was 
generally ignored at this stage of the survey so that it could 
be determined which vegetation type(s) that the pine was 
advancing into. These types were derived initially from aerial 
photographs and then subsequent checking in the field. All 
three types are shown on the aerial photographs in Appendix 9.2 
and on map 4. 
1. Leptospermum Type 1 (Ll) 
This is essentially a low open Leptospermum (Tea Tree) 
shrubland type. Manuka (~. Scoparium) is the dominant species 
but is almost invariably accompanied by Kanuka (~. ericoide~) 
on the more fertile sites, and those not exposed to coastal 
winds, as it is less tolerant than manuka of saline winds. 
(Esler, 1974). The type is generally distinguished from the L2 
type by vegetatfon rar~ly exceeding 3 metres in height and is 
essentially a lowland shrub association growing on 
characteristically infertile and impoverished skeletal granite 
., ' 
soils. Mingimingi ( athodes juniperina and ~·. f'asciculata 
idia generally occurs throughout, in association with Pimelea 
------~-~~----
stunted kamahi (Weinmannia ~~) and occasional·Dracophyllum 
urvilleanum were also observed on some sites. Dispersed 
·throughout the type are large Gahnia spp. tussocks, along with 
Lycopodi~ scariosum, ~· volubile, Cla9._i~ vaulthera, Q~~ 
_:!:nterm~dia and occasional f,i!:_"Jerti~ g:_ra12~~!.l<?ra, ~ttormium. 
cookianum and Astelia spp. Three ground orchids, fJendrobium 
~unninghamii, Eari~~ ~utumnali~ and E. mucronata also occur on 
the well drained, bare granite soils. A measure of the 
infertility of the thin granite soil occupied by the type is 
. the virtual absences of grasses, the spaces between taller 
plants being occupied by mosses and lichens such as Cladia 
Plate 16: Lep·tospermum Type 1 (Ll ) . ... characterised 
by low manuka scrub and Gahnia grass. Note 
the emergent P .. p'inaster (Bark Bay Headland ) 
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retipora.and Usnea spp. The type is also characterised bY the 
presence o f the exotics, Hakea ac·icuJaris and H. sa ligna along with 
gorse (Ulex europaeu s ) heath (Erica lus'i·tanica ) and the pines, P 
radiata and _!:. EJ:nast~) . Vegetation usually covers no more 
than 20 - 30 % of the ground area and large outcrops of granite 
rock are common. 
2. Leptospermum Type 2 (L2 ) 
Characteristically taller than the Ll type, (i.e. 
greater than 3m in height ) this vegetation type is usually 
found on the lower more fertile sties. It can also be 
distinguished from the Ll type by the presence of a shrub/ 
hardwood, fern understory. Kanuka is the prominent spec ies 
occurring in association with occasional manuka stems . Canopy 
heights of up to 12m are common. Shrub/hardwood species 
typically found consist of heketana (Oleari~ rani), kamahi, 
! 
the: two Cyathodes spp. in abundant numbers, Coprosma spp. , 
Pseudopanax spp . marble wood (Carpodetus ~erratus) , horopito 
(P~eudowintera colorata and ~- axillaris) , manhoe (Melicytus 
ramiflorus) . Other species occasionally evident are taro 
(Myrsine salicina), tarata (Pittosporum eugenoides), pigeonwood 
(Hedycarva aborea) , hutu (Ascarinalucida) and on those sites 
·close to the sea, Kawakawa (Macropiper excelsum) and ake-ake 
(Dodoneae viscosa) . 
coast . 
Hakea spp . are also found close to the 
Plate 17 : Leptosperrnu:rn Type 2 (L2) - · charac terised by a 
shruE/hardwoods with many ferns . Note highe r 
shade conditions (Homestead Flat). 
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3. Podocarp/Hardwood/Beech Type (P/B) 
The P/B areas can be broadly described a s those areas 
not covered by the Leptospermum vegetation t y pes. These are 
principally valley floors, lower slopes along the coastal margin 
and extensive areas are found further inland. The type 
includes both pure beech, podocarp, hardwood and mix ed stands . 
The type as such, is extremely broad and the reason for combining 
a number of types into one, is that due to insufficient sub-
canopy light conditions, pinaster is not actively invading into 
these types and does not appear to pose any problems within 
the type. The characteristics of the type have already been 
boradly described in Section 2 but briefly it consists of 
2 0-3 0m emergent beech and podocarps (principally red beech -and 
rimu ) over a 10- lSm hardwood component matrix. 
Plate 18: Podocar p/Hardwood/Be ech Type (P/B) 
Note the emergent r d beech a nd rimu ove r 
a p redominantly ha r dwood/fern s ub- canopy 
(Huffam Stream ) . 
The major hardwood species comprise rata (Me terosideros 
umbellata) kamahi, (Quintinia acutifolia ) mahoe, pigeonwood, 
tarata, pokaka (Eleaocarpus bookerianus) and broadleaf 
(Griselinia litteralis) . Rata and kie - kie vines (F reycineti~ 
banksii), bush lawyer ( ~ubus spp . ) and supple jack (Rhi pogonum 
scandens) a re also commonly present beneath the hardwood sub-
canopy . Gr ound and tree f e rns are abundant on moister sites , 
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(e.g.) mamaku, (Cyathea medullaris black ponga, gully fern and 
wheki fern (Dicksonia squ~£rosa) nikau palms (Rhopalostyli~ 
~apida) and pukatea (Laurelia novae-zelandiae) can be 
~ccasionally found in lowland gullies. The forest floor contains 
ground ferns, seedling trees and shrubs, plus a rich 
assemblage of mosses, liverworts and fungi all growing 
amongst the dense leaf and twig litter. 
Generally the type has the appearance of a rich and 
diverse flora with active replacement trends occuring 
throughout. 
APPENDIX 2.1 
TRANSECT LOCATION 
Line transects with systematic sanpling points were 
the basis of the survey and were chosen on the basis of 
demonstrating what initial observations from aerial photos 
and a recce survey indicated was occurring. From the recce 
survey it was evident that the largest trees and apparently 
the oldest from historical evidence, were those growing on 
the coastal flat on the true right of Bark Bay ("Homestead 
Flat"). The assumption was then made that these being the 
initial seed source of pinaster in the Park, all transects 
had to begin on these flats. 
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A base line of 295° mag. (Appendix 9.1) was established 
at Bark Bay, being the base of the hill where it ran out 
onto the Homestead Flat. All transects used in sampling 
for age were then started at predetermined intervals along 
this line and plots were sampled in a regular interrupted 
form along the transect. 
( 
rr 
~ 
( 
0 
0 
\1) 
( 
0 
0 
\!) 
~~-~-----------'----------"""----- Bose.lil"'le. ('.!.'IS') 
~----------~00~-----------~ 
Fig. 1: Transect Diwensions 
It was observed that the general spread of the pines 
away from Bark Bay appeared to be in aS.~., s.s.w. direction 
up off the Ho~estead Flat (Plate 5). For this reason it 
was proposed to run transects in these approxi~ate directions 
where the spread of pine appeared to be most concentrated. 
Line transects were initially plotted on aerial 
photos (Appendix 9.1) with the predominant consideration 
being that transects should pass through areas of pine for 
as long as possible, in order to make effective rate of 
spread estimates possible. Five transects were decided on, 
each transect to be sawpled identically and located as 
follows: 
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1. Three transects were located approximately equidistance 
apart and a·t right angles to the r"ain contours, in a 
south westerly direction (i.e. Transects 2, 3 and 4, 
B . = 205° ) ear1ng ~ag. 
2. One transect was located in a southerly direction 
(transect 1/170°) 
3. One transect was located in an easterly direction 
(transect 5/260°) 
The transects were to extend until they ran out of 
pine (i.e. inevitably the change in forest type to P/B). 
Magnetic compass bearings were taken from aerial photos for 
each transect. 
Comment 
The trqnsect approach to sampling is usually 
followed where there is a readily observable ~radation in 
vegetation in relation to a marked environmental gradient 
(Shir:rvzeJl, 197'1). :rt was deduced that this appeared to be 
the case with a succession of pinaster age classes 
immediately south of Bark Bay and transects were so located 
to confirm this feature. 
A.PPENDIX 2. 2 
MEASUREMENT OF PLOTS 
Once the compass bearing and starting point of 
individual transects had been determined along the base 
line, sample plots were established at 50 metre intervals 
along the transect until one ran out of pine (usually 600 m 
max) . ~he 50m distance between consecutive pJ.ots was 
determined using a 25~ nylon runnin0 line. 
Each sample plot consis·tcd o"!: saD'.pling the four 
largest trees within a lOrn radius of the plot centre, this 
being designed to improve the probability of sa~pling the 
four oldest trees on the plot. The larger trees selected 
were to be generally representative of the surrounding pine 
~---- ----.----- ---601""--------
(Plot f"\) 
Fig. 1: Diagramatic Representation of Sampling 
so that. it wou.ld be possible to assess the rate of spread 
away from the assumed initial seed source by estimating the 
mean oldest age of pine on each plot. ~he first plot on 
each transect began on the base-line. Details of each plot 
were recorded in the field on "IncrerEent Core Data Sheet I" 
(Appendix 3. 1) . 
Information recorded for each plot on the data sheet 
was as follows: 
A. Site Factors 
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A number of different factors were recorded to relate 
to the age distribution of pine. 
1. Altitude - measured with a barometric altimeter to 
the nearest 10m (Altimeter calibrated at sea level 
each day). 
2. Aspect - Measured at right angles to the general lie 
' 0 
of the plot to the nearest 5 mag. 
3. Slope - Average slope of land to the previous plot 
measured with a Suunto clinometer to the nearest 5°. 
Readings were taken at right angles to contours and 
subsequently used to calculate true horizontal 
distances. 
4. Physiography - Recorded as one of 4 physiographic 
land forms: Ridge (R)/Force (F)/Gully (G)/Terrace (~). 
5. Canopy Height - Recorded in metres as an estimation of 
the height of the dominant canopy species above the 
ground. 
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6. Dominant Species - Denoted the major species comprising 
the canopy. 
7. Pine Density - This was a subjective estimate of the 
pine growing on each plot, characterised according to 
the basal area cover of the area. Pine > 2m was 
divided into one of three density types: 
+ Dense. (D) = 101 stems/hectare 
Medium (M) = 11 - 100 stems/hectare 
Sparse (S) = 1 - 10 stems/hectare 
8. Vegetation Types - The vegetation on each plot was 
classified into one of the three vegetation types 
earlier~estabiished (Appendix 1.4) 
!.Jl 
L2 
P/B 
= Leptospermum Type 1 
= Leptospermurn Type 2 
' 
= Podocarp/Hardwood/Beech Type 
B. Sampling of Pines 
For each of the four la.rgest f".ost representative 
trees within a lOrn radius plot, four different variables 
were recorded: 
1. Age 
Recorded atcording to method in Appendix 2.3. 
2. Sampling Height 
Where a tree had a distance greater than 25cm on the 
downhill side of the tree, to the point where the incrern.ent 
core was extracted, the distance was recorded as the 
sampling height (this generally occurred with trees qrowing 
on slopes). This was used to compare all tree acres in 
relative terms. If the sampling height was 25cm above the 
uphill side of the tree, as was usually the case, this 
space was left blan~. 
3. Diameter Breast Height (DBH) 
DBH was measured on the uphill side of trees as an 
over-bark diameter at a point 1.4m above the ground. 
4. Eeight 
92 
The height of each tree sampled for age v7as recorded 
in metres. On the first plot and every subsequent five 
plots a Suunto clinameter was used to gain a height estimate, 
while on alternate plots subjective estimates were made. 
NOTE: If a tree appeared to be marginal as to its 
inclusion in the 10m radius plot, then a 10m line 
was run from the plot centre to the tree in question. 
If greater than half the trunk was within the plot, 
the tree was counted as 'in' for the purposes of this 
survey. 
C. Notes 
Here were recorded any significant features about 
the plot being sampled or area through which the transect 
had passed since· the previous plot, e.g. regeneration, sojls, 
mor-tality, etc. 
Corrments 
1. The reason that the four closest pines to the plot 
centre were not sampled rather than the four largest trees, 
was that in the rnore,c1ense stands of older pine there was 
often significant numbers of pine regeneration that could 
have given a false indication of the results of the mean 
oldest age of pine on each plot. 
2. The measurement of the four largest most representative 
trees was also designed to avoid the problem of ~easuring 
the spread from outlying parental ttees (i.e. outliers) and 
enabled concentrated measurement of the general rate of 
spread froP Bark Bay. It should be noted though, that if 
pine regeneration was one of the only four pinaster on the 
plot, then and only then was its age recorded. 
3. Generally there were always at least four pines on each 
plot, as the transects were purposefully located to follow 
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areas of pine for as long as possible. It was usually 
only at the extremeties of pinasters present distribution 
i~mediately south of Bark Bay, particularly in the transition 
to P/B vegetation type, that the nu~ber of trees per plot 
fell below four. It was also observed that there were very 
few pines on the base-line. This was the only major 
anomaly in age class distribution of pinaster and both these 
factors were taken into account when calculating rates of 
spread. 
4. Plots closest to Bark Bay were generally on the 
steepest country and therefore the majority of these trees 
were sampled at a height greater than the 25cm standard. The 
actual sampling height for these trees was recorded and an 
allowance was wade to make their ages consistent with all 
other sampled trees (Appendix 5.1). 
APPENDIX 2.3 
SURVEY OF PINE OUTLIERS 
Groups of pine outliers or colonies were identified 
on the aerial photos (Appendix 9.2) and in addition to the 
survey of rate of spread, a survey was also carried out of 
each of the major outliers. Increment Core Data Sheet II 
(Appendix 3.2) was used to record data for each outliers. 
Each outliers visible on the aerial photo was in turn 
located on the ground and the ten largest trees were aged 
from the increment cores taken at the standard 25cm height. 
(Refer Appendix 2.4). This gave the oldest tree in each 
outliers which gave an indication as to when the outliers 
may have begun. This in turn could possibly be related to 
the timing of any strong winds in the direction of the 
pine outliers away from the supposed seed source (i.e. 
Bark Bay) . 
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APPENDIX 2.4 
AGEING OF PINES 
With the impractibality of the most ideal method of 
felling trees at ground level to count successive growth 
rings, two different techniques were e~ployed to estimate 
ages of trees sampled. 
1. Trees shorter than 2 metres 
Trees less than 2m in height sampled, were cut at 
ground level and also at 25cm height. Both ages were 
recorded from actual ring counts (columns 2 and 3 
respectively, Appendix 3.1), and a cross (x) was beside the 
tree number to denote that it had been cut at ground level. 
DBH's for these trees were not recorded and where seedlings 
shorter than 25cm were recorded (i.e. regeneration) only the 
approximate ground height was noted. 
2. ler.than 2 metres 
Ageing of pine greater than 2m in height necessitated 
the use of an increment borer to extract increment cores at 
the lowest p6ssible point on the tree bole. From these 
cores success~ye gro~th rings were counted to gain an 
estimate of tree age. To reduce error in ring counts two 
increment cores were taken from each tree. ~hese were taken 
oh the. <;;ircumference,of each tree bole as shown in Fig.l. 
Si cle.. 
Tli..lftf 
I==«<!M---·t(~ll,r; ~) J 
\ ', '\', .t ./ '< 
',_ ', I , ' 
I • 1· ... 
I 
I 
I 
Oowf'\1->i\\ 
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Fig. 1: Location of Increment Boring on Circumference 
of Tree 
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To gain consistency in the data it was postulated that 
cores should be extracted at an identical height on all 
tr~es. This would in effect give a relative age between 
sampled trees that could be readily interpreted in data 
analysis. The actual tree age could then be approximated 
where necessary, bearing in mind that all samples were taken 
at a constant height (Appendix 5.1). The uniform sampling 
height decided upon was in effect, the minimum turning 
radius above the ground of the largest increment borer 
used on the survey (Plate 6). To maintain consistency 
between trees growing on flat and sloping ground, the 
sampling height chosen was a height 25cm above the ground on 
the uphill side of each tree and at right angles to the tree's 
bole (Fig. 2). The vertical distance on the downhill side 
from the position of increment boring to the ground was 
recorded only if it exceeded 25cm (column 4, Appendix 3.1) 
under the heading sampling height, This was in order to 
IT.ake an allowance for sampling height and so keep tree 
ages in relative terms by using the age/height relationships 
Fig. 2: Increment Core Sampling Height 
calculated in Appendix 5.1. If trees were leaning at all, 
the sampling point was still at a height 25cm above the 
ground on the uphill side of the tree, but the core was 
taken at right angles to the bole of the tree (Fig. 2b). 
Once increment cores were extracted that included the 
pith, the successive earlywood/latewood growth rings were 
counted to gain an estimate of tree age. Cores were generally 
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double counted in the field due to the problems of collecting 
and storing cores (i.e. breakage). A field hand lens was 
carried to aid ring .counting and indistinguishable cores were 
wi~ed with oil to help accentuate growth rings. The pith 
was counted as year 1 to maintain consistency in ages. 
Increment cores on which it was very difficult to carry out 
ring counts in the field (due to proximity of growth rings) 
were collected and brought back for age assesswent using the 
School of Forestry's electronic ADDO-Ring Counter. In 
such cases a tick (v) was placed beside the tree nurnber and 
a label detailing transect, plot and tree number was 
attached to the core. Cores were then placed inside a 
large milkshake straw to prevent breakage during transit. 
Being in a National Park it was aimed to keep any 
damage to vegetation to a bare minimum. This was 
especially required for the large pines along the track at 
Bark Bay which could provide a danger to trampers, as well 
as looking aesthetically displeasing, should they be killed 
from pathogenic attack of core holes while still standing. 
For this reason ·all holes caused by increment boring on the 
readily visible larger pines were filled with .. grafting 
matrix", (a wax containing Capitol fungicide to prevent 
entry of disease and insects and to prorr.ote healing) . 
Comments 
1. ~he diSti~ct advantage in ageing pinaster from increment 
cores are its well defined annual growth rings. The yellow/ 
white earlywood embodied by the red/brown latewood makes it 
relatively easy to determine successive years of growth. 
Generally I counted the darker late wood rings and as only 
earlywood had been produced for the 1978 year when I carried 
out my survey, I extrapolated this single earlywood rin~1 as 
being one year of growth. The only problems ~n esti~ating 
tree age from the increment cores were sometimes indistinct 
growth rings and occasionally yellow resinous wood obscuring 
all evidence of annual growth rings. In this case I kept 
boring until a clear core was obtained. Some cores from 
larger trees also had a tendency to coil up and break once 
extracted from the tree; this appeared to be due to the 
presence of tension wood and in these cases I usually 
sampled on the opposite side to obtain a distinct core. 
I 
2. With incre~ent boring to determine the age of a 
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tree, the major problem lies in including the true pith of 
the tree in your core. To begin with, I took many more than. 
two borings per tree, that I required, but the ~ajority 
were rejected until a core included the pith. It was 
generally found that the older and so~ewhat larger trees 
were the most difficult to bore and extract a core cornbining 
the pith. But from the first core one could generally 
determine the approxiwate direction of the pith by looking 
at the curvature of the inner growth rings. Using this 
principle it became easier with practice to determine where 
the pith was and with trees having a DBH less than 45cw, 
it became relatively easy to hit the pith on the first boring. 
3. The presence of false growth rings in the trees 
sampled was also not discounted. It has been shown that 
periods of drought often induce false qrowth rings in P. 
pinaster (Scott, 1962). With the often drought prone 
granite soils of the coastal area of Abel Tasman National 
Park, it becomes evident that the presence of false growth 
rings could be. a distinct possibility in the pine sampled. 
For this reason two cores per tree were always taken to 
provide an added check on the validity of the data. To 
this end it wa~s found that of the variation that occurred 
between the two growth ring counts for each tree, most was 
in the older and consequently larger trees. 
4. Generally there was less variation between the two 
ring counts for younqer and smaller trees. For this reason 
it must be noted that the recorded ~ges ure estimated only 
of the tree age and as they were all taken from samples 
above the ground on the tree, it should be borne in mind that 
they only give a relative indication of the age structure of 
the ~- pinaster population. Any attempts at estimating the 
t~ue age of the trees must consider age and height up tree 
that the sample was taken. 
5. Most trees were generally of good form and therefore 
relatively easy to sample but occasionally problem trees 
were encountered within a plot. Trees encountered with 
mu~tiple leaders, buttresses and deformations of any type, 
tended to upset the survey method being used as usually one 
was unable to take an increment core at the standardised 
25cm heigh sampling position. In all these cases where it 
was impossible to sample at the 25cm standardised height, I 
sampled at the lowest possible point where I could get a 
true representation of tree age. This was invariably at a 
height greater than 25cm so the height from the core to the 
ground was recorded on the data sheets. Age/height 
relationships (Appendix 5.1) could then be used to try and 
determine an age relative to all the other trees sampled at 
25cm. It was also advisabl.e to avoid bark encased branches 
and knotty wood as far as possible, but generally the 25cm 
sampling height was low enough to miss rr.ost branches. 
6. Another problem encountered in increment boring P. 
pinaster is the very thick platey nature of its bark. This 
can create problems on laraer trees where the tree radius 
is greater than the 40cn reach of the largest increment 
borer I had. There were relatively few of these such trees 
and in all cases the bark was chipped away to leave a 
minimum pro'l::eot:ion covering over the tree and then the 
increment core was taken. 
7. .Increment bor±ng on the very largest trees was 
impossible due to the maximum core length from the increment 
borer at some 40cm. Fortunately these trees were _very few 
(i.e. lOOcm DBH) and most were located on the "Hornestead 
Flat''. Here I had the advantage of having several of these 
trees already felled and from a chainsaw cut I was able to 
gain a relative idea of the age of ~hese oldest trees which 
presumably were the original seed source. 
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Transect 1 
Bearing 170° 
PLOT NO. lVIEAN 
r:I.'REE~ AGE 
( '(00·) 
1 
2 4 56.3 
3 4 54.0 
4 
5 4 42.0 
6 4 40.5 
7 4 28.3 
8 4 25.5 
9 
10 4 3.0 
11 
12 4 29.3 
13 4 29.8 
14 4 29.0 
15 4 28.5 
16 4 22.5 
17 '4· 7.3 
18 2 2 
19 
54 
., 
MEAN 
DBH(cm 
75 ... 6 
72.4 
44.6 
44.6 
41.4 
39.1 
2.5 
43.0 
34.3 
~ 31.3 
39. ·1 
28.1 
~ 
8.8. I 
APPENDIX 4. 1 
- -----,-· 
Ili!EAN CUMM SLOPl ~) ASPHJcr H'l' (m DIST (0) (0) 
0 5 0 20 
18.8 41 35 40 20 
18.4 82 35 80 25 
127 25 70 55 t 
14.3 173 25 100 335 
13.3 221 15 125 30 
11.0 270 10 150 35 
1 o. 5 318 15 125 225 
1367 15 110 140 
0. 3 I 416 10 140 140 
465 10 130 110 
10.8 510 25 175 20 
10.0 556 25 200 50 
'1 o. 2 604 15 210 20 
9.8 653 10 200 70 
8.0 702 '15 190 80 
' 2.1 751 10 190 180 
0.2 800 15 180 220 
844 25 170 1 230 
102 
16.2.78 
PHY CAN r DOM. PINE VEG. 
SIO OPY SP. DEN- 'l'YPE 
HT. SITY 
F 9 SH/ 12 
kan 
F 12 If r~ 12 
li' 18 Pine 0 12 
G 6 SH 12 
}!, 6 Kan M 12 
]' 6 Kan M 12 
R 6 Kan I'll 12 
F 10 Kan IV[ 12 
G 12 SH P/B 
F 3 Kan s 11 
G 25 P/B P/B 
.F 12 Pine D 11 
F 11 Pine D 11 
R 3 Kan s 11 
1!' 3 Kan !1 lJ1 
F 3 Kan s 11 
F 4 Kan D 11 
}!, 5 Kan s 12 
F 10 P/B P/B 
_j 
Transect 2 
Bearing 205° 
PLOT NO. MEAN .MEAN TREES AGE DBH 
1 
2 4 53 70.2 
3 4 52.5 65.3 
4 4 53 69.3 
5 4 47 55.3 
6 4 40 57.7 
~ 7 
8 4 34.7 40.0 
9 4 33.0 36.1 
10 4 22.8 28.3 
11 4 15.5 16.7 
12 4 5.0 4.2 
13 
"'!:. 
40 
APPENDIX 4. 2 
Plot Sheet Summary 
.MEAl\ HORZ SLOPI ALT ASPECT PHY- CANOP' HT S ' SIO HT 
··"----~ 0 5 0 40 T 10 
18.3 41 35 50 45 F 19 
17 84 30 80 35 ]!1 17 
17 .e 127 30 100 30 F' 10 
13.5 172 25 120 20 F 10 
13.8 221 15 150 150 R 14 
268 20 HlO 50 G 6 
13 309 35 150 0 It' 4 
11.5 356 20 170 0 ];i' 3 
8.3 403 20 190 105 F 3 
5.8 450 20 200 85 F 4 
1.4 499 10 225 1c10 F 4 
544 25 200 90 G 8 
·~---
DQl.1. 
SP. 
SH 
Pine 
Pine 
Ka 
Ka 
Pine 
Ka 
Ka 
Ka 
Ka 
Ka 
Ka 
SH/ 
PB 
16.2.78 
PINill 
DENSITY 
103 
VE G. 
PE TY. 
·-· 
D 
D 
M 
!VI 
111 
h'I 
111 
s 
s 
<:• 
.;:) 
=~·--
L 2 
2 
2 
2 
2 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
p 
·-· 
1 
/B 
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APPENDIX 4. 3 
I 
Transect 3 
Bearing- 202° 
~ot Sheet Summar~ 15.2.78 
--· 
-
P10r.r NO.j MElAN MEAN M:N CUJYI.M S10PjE A1T ASPECIJ: PlfY- CANOP DOM. PINE VlilG TREES AGE DBH SIO. HT SP. DENSIT, :TYP:&: Ol<offiiJCE 
(M) 
1 0 0 0 15 r_r 14 Ka/ 12 
SH 
2 4 56 67.1 18 41 35 50 50 J!' 18.20 Pine D 12 
3 84.3 30 40 10 s 12 Sll 12 
4 4 51.5 62.8 17 129.6 25 100 25 F 16 Pine D 12 
5 4 40.5 56.1 14 172.9 30 150 15 F 12 Kan M 12 
6 4 35.3 47.1 12.~21.2 15 200 125 F 6 Kan M 12 
7 4 32.3 36.6 12 270.9 12 200 100 G 8 K?rn 1<1 12 
8 4 29.3 35.1 10. 317.4 20 225 10 F 6 Kan M 12 
9 4 26.75 33.1 9 364.4 20 250 45 F 3 Kan M 11 
10 4 27.5 35.8 8.3 411.4 20 275 45 F 3 Kan M 11 
11 4 25.25 28.7 7 456.7 25 290 90 F' 2 Kan s 11 
12 4 17.75 21.0 6. 1 506.7 50 300 10 T L5 K/m s 11 
13 4 7.25 9.8 2.3 555.9 10 290 225 li' 1.5 K/m s 11 
14 602.9 20 260 200 F 4 K 11 
15 649.9 20 240 220 l!, 13 S.H. P/B 
.. 
44 ·~ . 
- -
-
Transect 4 
0 Bearing 205 
PLOT NO !~JEAN TREES AGE 
1 1 55 
2 4 58 
3 4 53 
4 4 45 
5 4 5) 
6 4 28.5 
7 4 28.3 
8 4 20.5 
9 
10 4 ~2 .• 75) 
11 4 22.3 
12 4 7 
13 
14 
41 
-· 
MEAN 
DBH 
70.3 
51.7 
50.2 
56.6 
45.2 
34.5 
30.6 
22.1 
24.2 
28.5 
8.2 
' 
APPENDIX 4. 4 
flot Sheet Summary 
f/Il!iAN HORZ SLOPJ AW HT s 
1B 0 0 0 
16 4·1 35 20 
15 86.3 25 80 
16..,5 1 3 20 110 
12.5 180.3 20 140 
11 223.6 30 180 
10.5 271.9 15 250 
8 321.1 10 275 
369.4 15 250 
9 416.4 20 180 
7.5 464.7 15 290 
3~0 513.9 10 300 
562.2 15 280 
609.2 20 260 
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14.2.78 
ASPEC' pJ;IY.,. CANOl?'~ DOH !PINE VEG SIO H'l' SP. DENSITY TYPE 
0 T 12 SH/ ~1 12 
Kan 
55 F 18 PinE D 12 
45 J!' 14 Pine D 12 
65 F 12 Kan D 12 
35 F/H 6 Kan l'l 12 
16 R 10 Pine D 12 
33 F 4 Kan s 12 
35 ~-' 4 Kan ill 12 
65 G 12 SH P/B 
5 11' 3 Kan M 11 
25 T 3 Kan s 11 
300 T 3 Kan n ,, 11 
240 F .4 Kan 11 
260 F 10 SH P/B 
... 
. --L--~· 
Transect 5 
Bearing 260° 
PLOT NO. r<iEAN TREES AGE 
1 1 61 
2 4 54.8 
3 3 59.7 
4 4 51.8 
5 4 40.8 
6 4, 7.8 
7 
20,'. 
MEAN 
DBH 
84.0 
70.5 
72.3 
60.6 
40.2 
5.0 
~t Sheet Summar~ 
-- ~-·-·· 
MEAN HORZ SLOPE AL'r ASPEC'I HT s 
18.2 0 0 Om 30 
15.8 45~3 25 20 30 
18.3 88.6 30 30 50 
17.8 133. c 25 50 60 
11.5 179.2 25 70 30 
9.0 224.5 25 90 30 
267.8 30 100 40 
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18.2.78 
PRY- CANOP DOM PINE VEG 
SIO HT SP. DENSIT1 TYPE 
T 9 Kan s L2 
1!' 10 Kan M L2 
18 
li' 8 kan M L2 
17 pine 
F/H 8 kan ).\i 12 
F/R 4 kan s L1 
II' 3 kan s 11 
F 8 SH/ PB 
PB 
I, 
--- -·-~-·-·--· -~~~~""" 
-
P.PPENDIX 5.1 
PINASTER AGE/HEIGHT RELATIONSHIPS 
To determine the true or actual age of pines 
sampled at the standard 25cm sampling height, and also to 
make an allowance for trees sampled higher than 25cm, a 
simple age/height relationship was required. In the 
literature available there was very little information on 
such a relationship and Weston (1957) only states that 
growth in ~· pinaster is slow initially but then increases 
to about 30-40 em/year and then gradually increases faster 
than this depending on site. It was thought necessary then 
·to derive a rough age/height relationship by cutting a 
number of small pines and sectioning them at Scm intervals 
for ring counts. 
A rough relationship deter~ined from sectioning 
thirty trees was found as follows: 
Height (em) Age (yea~s) 
25 2-3 
40 3 
70 4 
100 5 
140 6 
Table l:q Age/Height Relation in Maritime Pine 
N.B. These are also graphed in Appendix 5.2 to aid 
extrapolations. 
1. True Ages 
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v7here required the ages for the given sampling height 
in Table 1 were added to the relative tree age (i.e. the 
age derived from increment boring at the 25cm standard height). 
e.g. Tree 
3 
Ages 
25-26 
Sampling Height 
25 
The true age becomes 25 years (the lowest ring count + 3 years 
= 28 years. 
SAMPLING HEIGHT (em) 
RELATIVE AGE 
DlFFERENCE (yrs) 
30 40 
0 1 
50 60 70 
1 1 2 
8 0 90 
2 2 
Table 2: Relative Age Relationship 
2. Relative Ages 
100 
3 
108 
in determining the relative age of trees sawpled 
other than 25cm, the difference between the 25cm age and the 
actual sampled height age on the tree, (Table 2) was added 
to the age determined fr6m the ring count. 
e.g. Tree Ages Sampling Height 
2 25-26 80 
The relative age (i.e. relative to other trees sampled at 
25cm height) becomes 25 years + (5 years - 3 years) = 27 years 
OR using Table 1: 25 years + 2 years = 27 years. 
As such this is a rough guide only and implies no accuracy 
but is useful for extrapolating back to relative or true 
ages where this is necessary (e.g. determining the age of 
the olde~t tree planted at Bark Bay. 
APPENDIX 5.2 
AGE/HEIGHT GRAPH 
Ur!iVt71!3ity or c~illluibury 
- Mo.n'HI"'c. 
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APPENDIX 6.1 
DATA ANALYSTS 
L !3amplin9: for Age 
It should be remembered that when each plot was 
sampled it was the four largest trees, most representative 
of the surrounding vegetation that were sampled. This 
was designed to favour the older trees on each plot so that 
an approximate rate of spread could be calculated. For 
each plot then, upon which pine occurred, the mean oldest 
age, DBH and height were calculated from data recorded on 
Increment Core Data Sheet I (Appendix 3~1). A breakdown 
of these data for each of the five transects are contained 
on the plot sheet summaries in Appendices 4.1 ,.. 4.5. 
The analysis of ages was done in relative ages 
throughout (i.e. the 25cm sampling point age) and where 
trees less than ·2m in height were encountered and cut, 
their 25cm age was recorded to maintain consistency with 
increment cored trees. For trees sampled a·t a height 
greater than the standard 25cm sampling height, the 
age/height re~ationships in Appendix 5.1 were used to 
estimate a relative age consistent with the 25cm sampling 
position. With respect to the recording of two ages for 
each t,r.ee, the lowes,t age value was taken as most correct 
for tabulation purposes. This was for reasons of the 
supposed incidence of false growth rings in pinaster (Scott, 
1962). 
Each of the distances between plots was interpreted 
as a true horizontal distance by taking account of the slope 
between successive plots: 
i.e. True Horizontal Distance = AD x COS ~ 
110 
AD = actual distance between plots 
~ = average slope of land back to 
the previous plot. 
With regard to plotting distance against age, height 
111 
and DBH, the base line for the transects was located away 
to the s.w. of the group of trees assumed to be the initial 
seed source. To ac~ount for this, a distance of 50m was 
added to each of the true horizontal distances to give a 
true representation of horizontal distance from seed source. 
The exceptions here are Appendices 4.1 - 4.5. The mean 
DBH, height and age 70 years calculated in Appendix 1.3 
were used for the 0 metre distance in all cases, being the 
mean sizes and age of the assumed initial seed source. 
2. Rate of Spread 
In calculating rate of spread of pinaster two 
basic assumptions were made: 
i) that the "Homestead Flat" at Bark Bay was, the 
centre of origin of pinaster seed within the Park 
ii) that the oldest tree on the Flat was 70 years 
old (Appendix 1.3). 
The rates of spread (metres/year) as tabulated in 
Appendices 6.2 ~ 6.4 were determined using the following 
formulae: 
Rate of spread (m/yr) = CHD 
70= A 
CHD - Cumulative horizontal distance from initial 
·~eed source to the plot 
A - Mean oldest tree age at that plot 
70 - Age of assumed initial seed source at distance Om. 
This gave a rate of spread for each plot away from 
the assumed initial seed source. These rates of spread 
are tabulated for each transect in Appendices 6.2 - 6.3 
and to get the mean rate of spread for the transect(s) 
these rates of spread wer~ averaged. (e.g. Appendix 6.3). 
3. Graphical Analysis 
For each transect mean DBH, height and age of the 
trees on each plot were graphed against true horizontal 
distance, (Appendices 7.1 - 7.5) and for transects 2, 3 
and 4 a histogram was constructed to illustrate the relation 
of age on distance (Fig. 2). 
4.!. Site Variables 
A summary of site variables for all transects was 
tabulated from the increment core data sheets and is shown 
in Appendices 4.1 - 4.5. 
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APPENDIX 6. 2 
Transect Rates Of Spread 
Transect 1 
Plot Dist. Age Rate of 
.;- 50m Spread (m/yr) 
50 
91 56 6.5 
132 54 8.25 
177 
223 42 6.32 
271 41 7.69 
320 28 '7.62 
368 26 8.36 
417 
466 3 6.96 
515 
560 29 13.66 
60 30 15.15 
654 29 15.95 
703 29 17.15 
752 23 16.0 
" 801 '7 12. '71 
850 2 12.5 
894 
Mean Rate of Spread = 
154.82 
14 
- ~ m/yr 
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Transect 5 
Plot Dist. Age Rate of 
+ 50m Spread (m/yr) 
50 61 5.56 
95 55 6.33 
139 60 13.90 
184 52 1 o. 22 
229 41 7.897 
275 8 4.44 
318 
11ean Rate of Spread = 
1§. 347, 
6 
= 8.058m/yr 
APPENDIX 6. 3 
Transect Rates of Spread 
Transect 2 
Dist. Age Spread 
50 
91 53 5.35 
134 53 7.88 
178 53 10.47 
223 47 9.70 
271 40 9.03 
318 
359 35 10.26 
406 37 12.30 
453 23 9.64 
500 16 9.26 
550 ' 5 8.46 
595 
Mean Rate ~ .!?.2U[L5. 
of Spread - 11 
= 7.634m/yr. 
'l'ransect 3 
Dist Age Spread Dist 
50 50 
91 56 6~5 91 
134 136 
180 52 1 o.o 183 
223 41 7.69 230 
271 35 7.74 274 
320 32 8.42 322 
367 29 8.95 371 
414 27 9 .. 63 419 
461 28 10.98 466 
507 25 11.27 515 
557 18 1 o. 71 564 
606 7 9.62 612 
653 659 
700 
11ean Rate = .1Q.L.21 
of Sx>rE;H;l\l 11 
= 9.228 m/yr 
Total Mean Rate of 2~.027 
:::;: 
Spread 3 
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Trarvoec. \: 4- l1ean 
- Rate of Age Spread s~,:,;sad 
55 3.33 3.33 
58 7.58 6.48 
53 8.0 7.94 
45 7.32 9.26 
33 6.22 7.87 
29 6.683 7.82 
28 7.67 8.05 
21 7.57 8.91 
7. 31 
23 9.92 10.18 
22 10.73 10.42 
7 8.95 9.37 
9.62 
Mean Rate ~ 
of Spread"" 10 
"" 9. 23_?m/y.r 
= 8.699 m/yr 
=-~ 
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APPENDIX 6.4 
Mean Rate of Spread - Transects 2, 3. 4 
,cum. Dist Mean Height (f"'') l>'lean D.B.H. (<.M) )!lean 
+50m ~ ) 4 Av. 2 3 4 Av. 
1
Age 
-· 0 18.2 88.74 70 
0-50 18 18.0 70.3 70.3 55 
50-100 18.3 18 16 17.43 70.2 67.1 51.7 63 56 
100-150 17 15 16.0 65.3 50.2 57 .. 75 53 
150-200 17.8 17 16.5 17.10 69.3 62.8 56.6 62.9 50 
200-250 13.5 14 12.5 13.33 55.3 56.1 45.2 52.2 40.3 
250-300 13.8 12.5 11 12.43 57.7 47.1 34.5 46.43 34.67 
300-350 12 1 o. 5 11.25 30.6 30.6 33.6 30 
350-400 13 10.3 8 10.43 40 35.1 22.1 32.4 28.3 
400-450 11.5 9 1 o. 25 36.1 33.1 34.6 32 
450-500 8.3 8.3 9 8.53 28.3 35.8 24.2 29.43 24.67 
500-550 5.8 7 7.5 6.77 16.7 2B.7 28.5 24.63 21 
550-600 1.4 6.1 3.0 3.50 4.2 21.0 8.2 1 '1 • 13 10 
600-650 2.3 2.30 9.8 9.8 7 
650-700 
700-750 
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APPENDIX 8.1 
GLOSSARY OF PLANT NAMES USED IN TEXT 
1. Exotic 
bracken 
gorse 
hake a 
Japanese Cedar 
maritime pine 
radiata pine 
2. Indigenous 
ake-ake 
black beech 
broad leaf 
Halls totara 
hard beech 
hinau 
kama hi 
kanuka 
mahoe 
manuka 
matai 
mira 
nikau 
pigeonwood 
rata 
red beech 
rimu 
silver beeo_h 
·to tara 
tree ferns 
Reference: 
,!?ter idium ~gu.:h_li~~ var. esculentum 
Ulex europaeus 
Hakea ac1cularis 
Hakea saligna 
~omj"rra] aponi_£_~ ( L. f. ) D. Don 
Pinus pinaster Aiton 
Pinus radiata-D. Don 
Dodonea viscasa 
Nothofagus solandri (Hook.f.) Oerst var. 
---------soTandrf----
Griselinia litforalis Raoul 
PodocarEus hallii kirk 
Nothofagus truncata (Col.) Ckn 
Elaeocarpus denta.tus (J .R. e·t G.Forst. )Vahl 
We~~ racemosaLinn. f. 
LeptosperrnumericoTdes A. Rich. 
Mel{CytusramiTTorusJ.R. et G. F'orst. 
Leptospermun1-·s-coparfum J. R. et G. Forst 
~c~us spicat~~ R. Br. ex Mirbel 
~odocar:e~~ furrug:ineus G. Benn. Ec~X D. Don 
Rhopalostylis sapida Wendl.et Drude in Kerch 
~~~~~~~o:ufm~}ma 
Noth<?g~ ~ !us~·frook. f. ) Oerst 
Dacrydium cupressinum Lamb. 
Nothofagus-mei11sl.T (Hook. f.) Ot~rst. 
:P'a·d~c~E~ '"~--·~-----.- . Benn ex D. Don 
thea, Dicksonla 
Allan, H.H., 1961: Flora of New Zealand yol.l 
Govt. Printer, Wgtn. · 
Dallimore, W. & A.B. Jackson, 1966: A Handbook 
of Coni ferae and G eae ,Arnold~o:i1d0n·~ 

